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EXECUTIVE  rUMMARY 


The  toxicity  of  contaminated  Old  0-Field  (Edgewood  Area  of 
Aberdeen  Proving  Ground)  groundwater  and  the  reduction  and/or 
elimination  of  toxicity  by  various  treatment  processes  were 
evaluated.  The  study  was  divided  into  two  phases.  The  first 
phase  was  designed  to  determine  the  effectiveness  of  several 
bench  scale  treatment  technologies  to  reduce  toxicity  of  the 
contaminated  groundwater.  The  second  phase  was  designed  to 
determine  the  effectiveness  of  an  on-site  pilot  scale  treatment 
system  composed  of  several  treatment  components. 

The  bench  scale  studies  consisted  of  48-h  definitive  acute 
toxicity  tests  run  with  daphnid  neonates  fDaohnia  maana^  and 
juvenile  fathead  minnows  rPimeohales  promelas^  exposed  to 
untreated  Old  0-Field  groundwater  and  groundwater  treated  by  1) 
metals  precipitation,  2)  UV  oxidation  (H2O2) ,  3)  carbon 
adsorption,  and  4)  carbon  adsorption/biological  sludge.  The 
pilot  scale  studies  consisted  of  1)  several  96-h  definitive  acute 
toxicity  tests  run  with  two  freshwater  and  two  saltwater 
Invertebrates  and  fish  and  2)  Ames  mutagenicity  assays.  Acute 
toxicity  tests  were  run  on  untreated  Old  0-Field  groundwater  and 
groundwater  treated  by  1)  metals  precipitation,  2)  UV  oxidation 
(H2O2) ,  3)  air  stripping,  and  4)  carbon  adsorption  during  the 
pilot  scale  study.  The  freshwater  invertebrate  and  fish  used  in 
the  study  were  daphnid  neonates  and  juvenile  fathead  minnows, 
respectively.  The  saltwater  invertebrate  and  fish  were  juvenile 
mysids  fMysidopsis  bahia)  and  juvenile  sheepshead  minnows 
fCvprinodon  varieaatus^ .  Ames  tests  were  run  on  1)  untreated 
groundwater,  2)  UV  oxidation-treated  groundwater,  and  3)  carbon- 
treat  groundwater. 

Untreated  Old  0-Field  groundwater  was  acutely  toxic  to 
daphnids  and  fathead  minnows  in  two  separate  bench  scale  tests. 
Likewise,  untreated  groundwater  was  acutely  toxic  during  the 
pilot  scale  test  to  daphnids,  fathead  minnows,  mysids,  and 
sheepshead  minnows.  The  pH  of  the  untreated  groundwater,  which 
was  5.7  to  5.8  in  the  bench  scale  tests  and  »3.2  in  the  pilot 
scale  test,  was  a  factor  contributing  to  toxicity;  pH  alone  was 
not  responsible  for  all  of  the  toxicity.  Untreated  groundwater 
obtained  during  the  pilot  scale  test  and  subsequently 
concentrated  10-fold  was  mutagenic  in  three  out  of  four  Ames 
trials.  Untreated  groundwater,  which  was  not  concentrated,  was 
not  mutagenic  during  the  pilot  scale  study. 

The  following  bench  scale  treatment  technologies  eliminated 
and/or  reduced  the  acute  toxicity  of  the  untreated  groundwater: 
carbon  adsorption  and  carbon  adsorption/biological  sludge.  UV 
oxidation  and  metals  precipitation  eliminated  toxicity  in  one  out 
of  two  bench  scale  tests.  In  the  pilot  scale  studies,  all  of  the 
following  treatment  technologies  eliminated  the  acute  toxicity  of 
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the  groundwater:  chemical  precipitation,  UV  oxidation,  air 
stripping,  and  carbon  treatment.  No  mutagenic  activity  was  found 
during  the  pilot  scale  study  in  unconcentrated  or  concentrated 
(lOX)  UV  oxidation-  or  carbon-treated  groundwater. 
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SECTION  1 


INTRODUCTION 


The  Directorate  of  Safety,  Health,  and  Environment  at  the 
Aberdeen  Proving  Ground  asked  the  Health  Effects  Research 
Division/Research  Methods  Branch  of  the  U.S.  Army  Biomedical 
Research  and  Development  Laboratory  to  provide  biomonitoring 
assessments  of  contaminated  Old  0-Field  (Edgewood  Area  of 
Aberdeen  Proving  Ground)  groundwater  treated  by  various  methods 
to  reduce  and/or  eliminate  toxicity.  The  study  wa^  divided  into 
two  phases.  The  first  phase  was  designed  to  determine  the 
effectiveness  of  several  bench  scale  treatment  technologies  to 
reduce  toxicity  of  the  contaminated  groundwater.  The  second 
phase  was  designed  to  determine  the  effectiveness  of  an  on-site 
pilot  scale  treatment  system  composed  of  several  treatment 
components . 

The  bench  scale  studies  consisted  of  two  series  of  48-h 
definitive  acute  toxicity  tests  run  with  daphnid  neonates 
^Daphnia  maana)  and  juvenile  fathead  minnows  ^Pimephales 
promelas^  exposed  to  untreated  Old  0-Field  groundwater  and 
groundwater  treated  by  the  processes  described  below.  The  first 
series  of  tests  were  performed  during  the  period  January  9-25, 
1991,  on  samples  supplied  by  personnel  from  IGF  Technology 
Incorporated  (IGF)  which  were  treated  at  the  Old  0-Field  site.  A 
second  series  of  bioassays  were  conducted  during  the  period  March 
20-25,  1991,  on  samples  treated  by  Peroxidation  Systems,  Inc. 
(PSI) ,  Tucson,  Arizona.  The  second  series  was  initiated  because 
the  UV  oxidation  (H^Oj)  treatment  in  the  first  series  of  tests 
increased  toxicity  relative  to  the  untreated  groundwater.  All 
untreated  groundwater  samples  were  obtained  from  composite 
samples  of  Old  0-Field  well  numbers  OF6A  and  0F6B  mixed  1:2 
(LaGaria  et  al.,  1991). 

Groundwater  was  treated  by  the  following  processes  during 
the  first  series  of  bench  scale  studies:  1)  metals  precipitation, 
2)  UV  oxidation  (HjOj) ,  3)  carbon  adsorption,  and  4)  carbon 
adsorption/biological  sludge.  Groundwater  was  shipped  to  PSI  and 
treated  as  follows  during  the  second  series  of  the  bench  scale 
studies:  1)  metals  precipitation  and  2)  UV  oxidation  (H^Oj) .  A 
sample  of  Johns  Hopkins  University  Applied  Physics  Laboratory 
(JHU/APL)  diluent  water  was  sent  to  PSI,  treated  by  UV  oxidation 
(HjOj) ,  and  returned  to  JHU/APL  for  acute  toxicity  analysis.  The 
JHU/APL  sample  served  as  an  UV  oxidation  control.  An  untreated 
groundwater  sample  was  also  shipped  from  PSI  back  to  JHU/APL  for 
acute  toxicity  analysis. 

The  pilot  scale  studies  consisted  of  1)  several  96-h 
definitive  acute  toxicity  tests  run  with  two  freshwater  and  two 
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saltwater  invertebrates  and  fish  during  the  period  April  26  to 
May  6,  1991,  and  2)  Ames  mutagenicity  assays.  Acute  toxicity 
tests  were  run  on  untreated  Old  0-Field  groundwater  and 
groundwater  treated  by  1)  metals  precipitation,  2)  UV  oxidation 
(both  a  "best"  and  "worse"  treatment  case) ,  3)  air  stripping,  and 
4)  carbon  adsorption.  The  freshwater  invertebrate  and  fish  used 
in  the  study  were  daphnid  neonates  and  juvenile  fathead  minnows, 
respectively.  The  saltwater  invertebrate  and  fish  were  juvenile 
mysids  fMvsidopsis  bahia)  and  juvenile  sheepshead  minnows 
fCvprinodon  varieaatus^ .  Ames  tests  were  run  on  1)  untreated 
groundwater,  2)  UV  oxidation  ("best”  treatment  case),  and  3) 
carbon  treatment. 

The  untreated  groundwater  samples  were  supplied  by  IGF 
personnel  from  a  composite  sample  of  Old  0-Field  well  numbers 
OF6B,  0F13C,  and  0F17B  mixed  «30,  40,  and  30%,  respectively 
(LaCaria  et  al.,  1991).  Effluent  from  the  various  groundwater 
treatment  processes  were  also  supplied  by  personnel  from  IGF. 
Gomplete  chemical  analyses  were  also  performed  on  the  untreated 
and  all  treated  groundwater  samples.  The  acute  toxicity  tests, 
Ames  tests,  and  chemical  analyses  were  performed  on  subsamples 
taken  from  the  same  untreated  and  treated  groundwaters  samples. 
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SECTION  2 


MATERIALS  AND  METHODS 


2.1  Bench  Scale  Studies 

All  48-h  bioassays  were  conducted  by  definitive  static 
renewal  acute  toxicity  procedures  recommended  by  the  U.S.  EPA 
(EPA)  for  measuring  the  acute  toxicity  of  effluents  to  freshwater 
organisms  (Peltier  and  Weber,  1985) .  Neonate  daphnids  <24  h  old 
at  the  start  of  the  test  were  used  in  all  bioassays.  Juvenile 
fathead  minnows  used  in  the  first  series  of  tests  were  35-40  d 
old;  the  fish  used  in  the  second  series  of  tests  were  16-18  d 
old.  The  specific  test  conditions  for  the  daphnids  and  fathead 
minnows  are  given  in  Tables  1  and  2,  respectively. 

Approximately  10  L  of  untreated  and  treated  groundwater  were 
obtained  in  glass  containers  by  personnel  from  both  ICF  (Test 
Series  l)  and  PSI  (Test  Series  2)  and  shipped  iced  in  insulated 
containers  via  Federal  Express  to  JHU/APL.  The  bioassays  were 
initiated  the  day  the  samples  were  received.  A  preliminary  range 
finding  test  was  run  with  the  first  untreated  groundwater  sample 
only  before  the  definitive  test  was  initiated.  The  dates  the 
samples  were  received  at  JHU/APL  are  given  in  Tables  5  and  6. 

All  samples  were  warmed  to  the  test  temperature  of  20®C 
before  being  used  in  the  tests.  The  samples  were  not  aerated 
prior  to  the  start  of  a  test  or  renewal  of  test  material  at  24  h 
unless  the  dissolved  oxygen  concentrations  were  below  40% 
saturation.  The  test  organisms  were  obtained  from  in-house 
cultures  at  JHU/APL.  Unchlorinated  JHU/APL  well  water  was  used 
for  all  cultures  and  test  dilutions. 

Dissolved  oxygen  and  pH  were  measured  in  all  test 
concentrations  at  time  0  h  and  24  h  on  day  1  and  again  at  time  0 
h  and  24  h  when  the  material  was  renewed  at  24  h.  Hardness, 
alkalinity,  conductivity,  and  temperature  were  measured  at  the 
same  frequency  in  only  the  control  and  100%  treatments.  Routine 
water  quality  was  determined  by  procedures  given  in  Standard 
Methods  (APHA  et  al.,  1989).  The  chemical  composition  of  the 
various  treatments  was  determined  by  independent  vendors  under 
the  direction  of  ICF  (LaCaria  et  al.,  1991).  The  chemical 
composition  data  are  not  included  in  this  report  since  they  are 
presented  in  LaCarla  et  al.  (1991). 

All  LC50S  were  determined  by  the  moving  average  angle  method 
as  recommended  by  EPA  (Peltier  and  Weber,  1985) .  The  LC50  values 
and  their  95%  confidence  limits  are  reported  as  percent 
groundwater  by  volume.  The  moving  average  angle  method  for 
determining  LC50s  was  performed  by  a  computer  program  developed 
by  Stephan  (1978). 
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2.2  Pilot  Scale  Studies 


2.2.1  Acute  Toxicity  Tests 

All  96-h  bioassays  were  conducted  by  definitive  static 
renewal  acute  toxicity  procedures  recommended  by  EPA  for 
measuring  the  acute  toxicity  of  effluents  to  freshwater  and 
saltwater  organisms  (Peltier  and  Weber,  1985) .  The  following 
deviations  from  the  U.S.  EPA  method  occurred  during  the  tests:  1) 
all  the  daphnid  bioassays  were  run  for  96  h  rather  than  48  h; 
thus,  the  daphnids  were  fed  daily  (0.2  mL  of  1  x  lo’  Selenastrum 
capricornutum  cells/50  mL  solution  containing  10  daphnids)  at 
each  renewal  during  the  test  and  2)  all  organisms  were  run  at 
25 ®C  rather  than  20 ®C  because  it  is  the  recommended  test 
temperature  in  the  forthcoming  4th  edition  of  the  EPA  testing 
manual  (Peltier,  personal  communication) . 

Neonate  daphnids  <24  h  old  at  the  start  of  the  test  were 
used  in  all  bioassays.  The  juvenile  mysids  were  3-4  d  old  at  the 
start  of  the  tests.  Both  juvenile  fathead  minnows  and  sheepshead 
minnows  were  8-10  d  old  at  the  beginning  of  the  bioassays.  The 
specific  test  conditions  for  the  daphnids,  fathead  minnows, 
mysids,  and  sheepshead  minnows  are  given  in  Tables  1-4, 
respectively. 

Approximately  11  L  of  untreated  and  treated  groundwater  were 
obtained  in  glass  containers  by  personnel  from  ICF,  packed  in 
ice,  and  transported  back  to  the  JHU/APL  toxicology  laboratory  in 
insulated  containers.  The  following  samples  were  run  within  24  h 
of  receipt  of  the  material:  1)  untreated  Old  0-Field  groundwater 
and  groundwater  treated  by  2)  metals  precipitation,  3)  UV 
oxidation,  4)  air  stripping,  and  5)  carbon  adsorption.  Two  UV 
oxidation  samples,  which  were  treated  as  the  "best”  UV  oxidation 
treatment  (Test  No.  1)  and  the  "worse"  UV  oxidation  treatment 
(Test  No.  2) ,  were  analyzed  for  toxicity.  Detailed  information 
on  the  equipment,  operating  procedures,  system  performance,  etc. 
of  each  type  of  treatment  process  is  given  in  LaCaria  et  al. 
(1991);  thus,  it  will  not  be  repeated  in  this  report.  The  ICF 
sample  identification  numbers  for  all  samples  tested  were  as 
follows: 


Untreated  groundwater 
Metals  precipitation 
UV  oxidation  (Test  No.  1) 
UV  oxidation  (Test  No.  2) 
Air  stripping 
Carbon 


APG-CX5F-PS-2A 

APG-OOF-PS-2B 

APG-OOF-PS-1C4 

APG-OOF-PS-2C4 

APG-OOF-PS-ID 

APG-OOF-PS-II 


The  test  effluents  for  all  saltwater  bioassays  were  salted 
with  Instant  Ocean  to  20  ppt  the  day  the  samples  arrived  at 
JHU/APL  and  allowed  to  equilibrate  for  18-24  h  before  the 
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saltwater  organisms  were  placed  in  the  test  effluents.  All 
samples  were  warmed  to  the  test  temperature  of  25®C  before  being 
used  in  the  tests.  The  samples  were  not  aerated  prior  to  the 
start  of  a  test  or  renewal  of  test  material  at  24  h  unless  the 
dissolved  oxygen  concentrations  were  below  40%  saturation. 

The  test  organisms  for  all  tests  were  obtained  from  in-house 
cultures  at  JHU/APL.  Unchlorinated  JHU/APL  well  water  was  used 
for  all  freshwater  cultures  and  test  dilutions.  Filtered 
Chesapeake  Bay  water,  which  ranged  from  8-12  ppt,  was  salted  with 
Instant  Ocean  to  20  ppt  and  used  for  all  saltwater  culturing  and 
test  dilutions. 

Dissolved  oxygen  and  pH  were  measured  in  all  test 
concentrations  at  the  beginning  and  end  of  each  24  h  renewal 
period  up  to  96  h.  Temperature  and  salinity  were  measured  in 
only  the  control  and  100%  treatments  at  each  renewal.  The 
chemical  composition  of  the  various  treatments  was  determined  by 
independent  vendors  under  the  direction  of  ICF  (LaCaria  et  al., 
1991) .  The  chemical  composition  data  are  not  included  in  this 
report  since  they  presented  in  LaCaria  et  al.  (1991) . 

All  LCSOs  were  determined  by  the  moving  average  angle  method 
as  recommended  by  EPA  for  measuring  the  acute  toxicity  of 
effluents  to  freshwater  and  marine  organisms  (Peltier  and  Weber, 
1985) .  All  LC50  values  and  their  95%  confidence  limits  are 
reported  as  percent  groundwater  by  volume.  The  moving  average 
angle  method  for  determining  LC50s  was  performed  by  a  computer 
program  developed  by  Stephan  (1978). 

2.2.2  Mutagenicity  Tests 

Salmonella/mammalian-microsome  reverse  mutation  assays  (Ames 
test)  were  conducted  on  1)  untreated  groundwater,  and  groundwater 
treated  by  2)  UV  oxidation  ("best"  treatment  case),  and  3) 
carbon.  Assays  were  conducted  on  both  unconcentrated  and 
concentrated  (lOX  via  XAD-2  resin  extracts)  samples  of  untreated 
groundwater,  UV  oxidation- treated  groundwater,  and  carbon- treated 
groundwater.  Groundwater  treated  by  chemical  precipitation  and 
air  stripping  were  not  evaluated  for  mutagenic  activity.  The 
Ames  mutagenicity  assays  were  conducted  by  Hazelton  Washington, 
Inc.,  Kensington,  Maryland. 

Thirty-one  liters  (1  L  for  the  unconcentrated  sample  and  30 
L  for  the  lOX  sample)  of  each  material  were  obtained  in  glass 
containers  by  personnel  from  ICF,  packed  in  ice,  and  transported 
to  Hazelton  Washington,  Inc.  in  insulated  containers.  The 
samples  were  taken  to  Hazelton  Washington,  Inc.  the  same  day  the 
samples  were  collected.  The  unconcentrated  samples  were  analyzed 
by  Hazelton  Washington,  Inc.  Protocol  No.  HWA  Protocol  401W, 
Edition  16;  the  lOX  samples  were  analyzed  by  Protocol  No.  HWA 
Protocol  401X,  Edition  17. 
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The  experimental  procedures  for  the  unconcentrated  and  lOX 
tests  are  given  in  the  reports  of  the  studies  presented  in  the 
Appendixes  of  this  report.  Briefly,  the  mutagenicity  assay 
evaluated  the  test  material  for  its  ability  to  induce  reverse 
mutations  at  the  histidine  locus  in  the  genome  of  specific 
Salmonella  tvphimurium  tester  strains  both  in  the  presence  and 
absence  of  an  exogenous  metabolic  activation  system  of  mammalian 
microsomal  enzymes  derived  from  Aroclor-induced  rat  liver.  The 
tester  strains  used  in  the  assays  were  TA98  and  TAIOO.  The 
assays  were  conducted  using  two  plates  per  dose  level  in  the 
presence  of  microsomal  enzymes.  Six  dose  levels  of  the  test 
material  were  tested  in  both  the  presence  and  absence  of  S9  along 
with  appropriate  vehicle  controls  (three  plates  per  dose) , 
negative  controls,  and  positive  controls.  Resins  controls  were 
also  run  for  the  lOX  samples.  The  doses  tested  in  the  lOX  assays 
varied  based  on  the  amount  of  extractable  organics  recovered  from 
the  test  material. 
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SECTION  3 


RESULTS  AND  DISCUSSION 


3 . 1  Bench  Scale  Studies 

The  48-h  LCSOs  for  both  the  first  and  second  series  of  tests 
are  summarized  in  Tables  5  and  6  for  the  daphnids  and  fathead 
minnows,  respectively.  The  mortality  data  for  all  treatments  are 
summarized  in  Table  11.  The  water  quality  for  all  test 
conditions  at  each  test  concentration  at  time  Oh,  24  h  old, 
renewal  of  test  solutions  at  24  h  (24  h  new)  and  at  the  end  of 
the  test  (48  h  old)  are  given  in  Table  12.  The  temperature  for 
all  tests  was  20  ±  0.3*‘C. 

3.1.1  Test  Series  1 

Untreated  groundwater  and  groundwater  treated  by  UV 
oxidation  during  the  first  set  of  tests  were  toxic  to  both  the 
daphnids  and  fathead  minnows.  The  48-h  LCSOs  for  daphnids 
exposed  to  untreated  groundwater  and  groundwater  treated  by  UV 
oxidation  were  33.4  and  <10%  groundwater  by  volume,  respectively 
(Table  5) .  The  48-h  LCSOs  for  fathead  minnows  exposed  to 
untreated  groundwater  and  groundwater  treated  by  UV  oxidation 
were  SO. 8  and  12.9%  groundwater  by  volume,  respectively  (Table 
6) .  The  UV  oxidation-treated  groundwater  was  more  toxic  than 
untreated  groundwater  to  both  daphnids  and  fathead  minnows. 

The  metal  precipitated-groundwater  eliminated  the  acute 
toxicity  to  both  daphnids  and  fathead  minnows.  Mortality  ranged 
from  10-30%  for  daphnids  in  the  carbon  adsorption-treated 
groundwater;  no  mortality  occurred  to  fathead  minnows  (Table  11; 
p.  37). 

The  initial  pH  of  the  untreated  groundwater,  which  was  used 
in  the  acute  toxicity  tests  to  derive  the  LCSOs,  was  «S.8  (Table 
11;  p.  39).  Because  of  the  low  pH,  two  additional  treatments 
were  run  with  daphnids  and  fathead  minnows  using  100%  untreated 
groundwater  adjusted  to  pH  7  by  NaOH  and  NajCO,.  The  untreated 
groundwater  adjusted  with  NaOH  and  NajCO,  still  killed  8S  and  7S% 
of  the  daphnids,  respectively  (Table  11;  p.  30) .  The  untreated 
groundwater  adjusted  with  NaOH  and  NajCO,  killed  3S  and  S0%, 
respectively,  of  the  fathead  minnows. 

The  pH  of  the  UV  oxidized-treated  groundwater  was  also  very 
low.  UV  oxidized  groundwater  with  the  pH  adjusted  from  4.1  to  7 
with  NajCO,  still  caused  100%  mortality  to  both  the  daphnids  and 
fathead  minnows  (Table  ll;  p.  34). 

The  initial  pH  of  the  metals-precipitated  groundwater  was 
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therefore,  a  concurrent  test  with  the  pH  lowered  via  HCl 
to  7  was  conducted  (Table  12;  p.  41).  As  was  the  case  at  pH 
10.1,  the  metals-treated  groundwater  at  7  was  not  toxic  to 
daphnids  or  fathead  minnows. 

3.1.2  Test  Series  2 

The  untreated  groundwater  during  the  second  set  of  tests  was 
also  toxic  to  both  the  daphnids  and  fathead  minnows.  The  48-h 
LC50S  for  daphnids  and  fathead  minnows  exposed  to  untreated 
groundwater  were  57.5  and  56.8%  groundwater  by  volume, 
respectively  (Tables  5  and  6) .  The  untreated  groundwater  was 
less  toxic  to  both  the  daphnids  and  fathead  minnows  during  the 
second  series  of  tests  relative  to  the  first  series  of  bioassays. 
The  48-h  LC50  for  daphnids  during  the  first  test  was  33.4  in 
contrast  to  57.5%  groundwater  by  volume  in  the  second  test.  The 
48-h  LC50  for  the  fathead  minnows  during  the  first  test  was  50.8 
in  contrast  to  56.8%  groundwater  by  volume  in  the  second  test. 

The  initial  pH  of  the  untreated  groundwater  during  the 
second  series  of  tests,  which  was  used  in  the  acute  toxicity 
tests  to  derive  the  LC50s,  was  »5.7  (Table  12;  p.  40).  An 
additional  treatment  was  run  with  daphnids  and  fathead  minnows 
using  100%  untreated  groundwater  adjusted  to  pH  7  by  NajCOj.  The 
untreated  groundwater  adjusted  with  NajCOj  still  killed  50  and 
30%,  respectively,  of  the  daphnids  and  fathead  minnows  (Table  11; 
p.  31) .  Similar  mortality  values  were  obtained  in  pH  adjusted 
untreated  groundwater  in  the  first  series  of  bioassays. 

In  contrast  to  the  first  series  of  bioassays,  the  metals 
precipitated-treated  groundwater  was  toxic  to  both  species  during 
the  second  series  of  tests.  The  48-h  LC50s  were  64.7% 
groundwater  by  volume  for  both  the  daphnid  and  fathead  minnow. 

No  mortality  occurred  to  either  species  in  the  metals- 
precipitated  groundwater  in  the  first  series  of  bioassays.  The 
initial  pH  of  the  100%  metals-precipitated  groundwater  during  the 
first  test  was  10.1  (Table  12;  p.  41).  In  the  case  of  the 
fathead  minnow  during  the  second  test,  the  toxicity  may  be  a 
function  of  high  pH.  The  initial  pH  of  the  100%  metals- 
precipitated  groundwater  was  10.9  (Table  12;  p.  42).  When  the  pH 
was  adjusted  by  HCl  to  «7.1,  daphnid  mortality  was  reduced  from 
100%  to  50%  (Table  11;  p.  33) .  No  mortality  occurred  to  fathead 
minnows  in  100%  metals-precipitated  groundwater. 

The  UV  oxidation-treated  groundwater  and  UV  oxidation- 
treated  JHU/APL  diluent  water  samples  were  not  toxic  to  the 
daphnid  or  fathead  minnow  during  the  second  series  of  bioassays. 
In  contrast  to  the  first  series  of  tests,  the  UV  oxidation- 
treated  groundwater  in  the  second  series  of  tests  was  buffered  to 
a  pH  of  «7.5  by  the  vendor  before  the  UV  oxidation-treated 
groundwater  was  sent  for  toxicity  analysis.  As  discussed  above. 
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the  pH  adjusted  UV  oxidation-treated  groundwater  in  the  first 
series  of  bioassays  was  still  toxic  to  both  species. 

3.2  Pilot  Scale  Studies 

3.2.1  Acute  Toxicity  Tests 

The  96-h  LCSOs  are  summarized  in  Tables  7-10  for  daphnids, 
fathead  minnows,  mysids,  and  sheepshead  minnows,  respectively. 

The  daphnid  and  fathead  minnow  mortality  data  for  all  treatments 
are  summarized  in  Table  13.  The  mortality  data  for  the  mysids 
and  sheepshead  minnows  are  summarized  in  Table  14.  The  pH, 
dissolved  oxygen,  and  salinity  data  for  all  test  conditions  at 
each  test  concentration  at  time  Oh,  24  h  later  (old) ,  and 
renewal  of  test  solutions  every  24  h  (new)  are  given  in  Table  15. 
The  temperature  for  all  tests  was  25  ±  0.2“C. 

The  untreated  groundwater  was  toxic  to  all  four  test 
species.  The  96-h  LC50s  for  daphnids,  fathead  minnows,  mysids, 
and  sheepshead  minnows  were  33.4,  42.4,  38.8,  and  41.3% 
groundwater  by  volume,  respectively  (Tables  7-10) .  No 
significant  mortality  (5%  or  less  in  100%  test  material  by 
volume)  occurred  to  any  test  species  in  the  groundwater  treated 
by  metals  precipitation,  UV  oxidation  (Test  Nos.  1  and  2),  air 
stripping,  or  carbon  adsorption. 

The  pH  of  the  untreated  groundwater,  which  was  used  in  the 
acute  freshwater  toxicity  tests  to  derive  the  LC50s,  was  «3.2 
(Table  15;  p.  60).  The  pH  of  the  untreated  groundwater  salted  to 
20  ppt  for  use  in  the  saltwater  bioassays  was  »6.2  (Table  15;  p. 
61) .  Because  of  the  low  pH  in  the  untreated  groundwater,  an 
attempt  was  made  to  adjust  an  undiluted  sample  to  »7  to  run  as  a 
pH  control.  However,  upon  the  addition  of  base  (IN  NajCO,) ,  large 
amounts  of  material  precipitated  out  of  solution.  A  decision  was 
made  not  to  run  a  pH  control  because  1)  we  were  not  certain  what 
materials  may  have  precipitated  out  of  solution  and  2)  the  EPA 
test  method  does  not  allow  any  adjustments,  except  for  dissolved 
oxygen  (<40%  saturation)  and  salinity  (saltwater  tests  only) ,  for 
actual  determination  of  the  LC50. 

All  daphnids  and  fathead  minnows  died  in  the  100%  untreated 
groundwater  which  had  a  pH  of  »3.2  (Table  15;  p.  48).  A  pH  of 

53. 2  would  kill  all  organisms  even  if  no  toxicants  were  present. 
All  daphnids  and  fathead  minnows  also  died  in  the  56%  dilution 
which  had  a  pH  of  6.0.  Although  a  pH  of  6.0  may  be  stressful  to 
daphnids  and  fathead  minnows,  it  will  not  kill  the  organisms  in 
96  h  (Peltier  and  Weber,  1985) .  The  EPA  test  manual  allows  a  pH 
as  low  as  6.0  to  be  used  for  acute  toxicity  tests.  Thus,  one  may 
conclude  that  there  is  toxicity  in  the  56%  dilution  which  is  not 
directly  related  to  pH. 
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The  same  arguments  concerning  pH  may  be  made  for  the  mysids 
and  sheepshead  minnows.  Undiluted  groundwater  adjusted  to  20  ppt 
caused  100%  mortality  to  both  saltwater  species  (Table  14;  p.  54) 
at  a  pH  of  6.2  which  is  within  the  range  allowed  by  EPA  for  acute 
toxicity  testing.  A  56%  dilution  killed  100%  of  the  mysids  and 
85%  of  the  sheepshead  minnows  at  a  pH  of  6.5.  Thus,  one  can 
conclude  that  the  toxicity  present  is  not  related  to  pH  alone. 

2.2.2  Mutagenicity  Testa 

The  results  of  the  unconcentrated  and  lOX  Ames  tests  for  the 
untreated  groundwater  are  given  in  Appendixes  1  and  2, 
respectively.  The  unconcentrated  and  lOX  UV  oxidation  treated- 
groundwater  data  are  given  in  Appendixes  3  and  4;  the  carbon- 
treated  groundwater  results  are  presented  in  Appendixes  5  and  6. 
The  results  of  all  samples  assayed  during  the  study  can  be 
briefly  summarized  as  follows.  With  the  exception  of  the 
concentrated  (lOX)  untreated  groundwater  sample,  none  of  the 
samples  caused  a  positive  increase  in  the  numbers  of  histidine 
revertants  per  plate  with  tester  strains  TA98  and  TAIOO  either  in 
the  presence  or  absence  of  microsomal  enzymes  prepared  from 
Aroc lor -induced  rat  liver. 

The  concentrated  (lOX)  untreated  groundwater  did  cause  a 
positive  increase  in  the  number  of  histidine  revertants  per  plate 
with  tester  strain  TA98  in  the  presence  of  S9  in  two  independent 
trials  (3.6-  and  4.5-fold).  A  positive  increase  was  also  found 
with  tester  strain  TAIOO  in  the  presence  of  S9  (2.0-fold)  in  an 
initial  experiment.  However,  in  the  confirmatory  assay,  the 
positive  increase  could  not  be  reproduced.  No  positive  increases 
were  observed  with  either  tester  strain  in  the  absence  of  S9. 
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SECTION  4 


CONCLUSIONS 


Untreated  Old  0-Field  groundwater  was  acutely  toxic  (48-h 
LC50s)  to  daphnids  and  fathead  minnows  in  two  separate  bench 
scale  tests.  Likewise,  untreated  groundwater  was  acutely  toxic 
(96-h  LC50s)  during  the  pilot  scale  test  to  daphnids,  fathead 
minnows,  mysids,  and  sheepshead  minnows.  The  initial  pH  of  the 
untreated  groundwater,  which  was  5.7  to  5.8  in  the  bench  scale 
tests  and  »3.2  in  the  pilot  scale  test,  was  a  factor  contributing 
to  toxicity;  pH  alone  did  not  account  for  all  of  the  toxicity. 
Untreated  groundwater  obtained  during  the  pilot  scale  test  and 
subsequently  concentrated  10-fold  was  mutagenic  in  three  out  of 
four  Ames  trials.  Untreated  groundwater,  which  was  not 
concentrated,  was  not  mutagenic  during  the  pilot  scale  study. 

The  following  bench  scale  treatment  technologies  eliminated 
and/or  reduce  the  acute  toxicity  of  the  untreated  groundwater: 
carbon  adsorption  and  carbon  adsorption/biological  sludge.  UV 
oxidation  and  metals  precipitation  eliminated  toxicity  in  one  out 
of  two  bench  scale  tests.  In  the  pilot  scale  studies,  all  of  the 
following  treatment  technologies  eliminated  the  acute  toxicity  of 
the  groundwater:  chemical  precipitation,  UV  oxidation,  air 
stripping,  and  carbon  treatment.  No  mutagenic  activity  was  found 
during  the  pilot  scale  study  in  unconcentrated  or  concentrated 
(lOX)  UV  oxidation-  or  carbon-treated  groundwater. 
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TABLE  1.  EPA  RECOMMENDED  TEST  CONDITIONS  FOR  DAPHNIDS  fPAPHNIA 

MAgNA) . 


1. 

Temperature : 

20  ±  2“C* 

2. 

Light  quality: 

Ambient  laboratory 
illumination 

3. 

Light  intensity: 

50-100  footcandles 
(ambient  laboratory  levels) 

4. 

Photoperiod: 

16  h  light:  8  h  dark 

5. 

Size  of  test  vessel: 

100  mL  beaker 

6. 

Volume  of  test  solution: 

50  mL 

7. 

Age  of  test  animals: 

1-24  h  (neonates) 

8. 

Number  of  animals  per 
test  vessel: 

10 

9. 

Number  of  replicate 
test  vessels  per 
concentration : 

2 

10. 

Total  number  of  organisms 
per  concentration: 

20 

11. 

Feeding  regime: 

Feeding  not  required  during 
first  48  h.  For  longer  tests, 
feed  every  other  day 

12. 

Aeration: 

None,  unless  DO  concentration 
falls  below  40%  of  saturation, 
at  which  time  start  gentle 
aeration 

13. 

Dilution  water: 

Receiving  water  or  laboratory 
groundwater 

14. 

Test  duration: 

48  h  -  static 

96  h  -  static  renewal 

15. 

Effect  measured: 

Mortality  -  no  movement  of 
body  or  appendages  on  gentle 
prodding 

^  Pilot  scale  tests  conducted  at  25  ±  2'’C  to  reflect  change 

recommended  in  the  upcoming  4th  ed.  EPA  acute  testing  manual. 
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TABLE  2.  EPA  RECOMMENDED  TEST  CONDITIONS  FOR  FATHEAD  MINNOWS 
rPIMEPHALES  PROMELAS^ . 


1.  Temperature; 

2.  Light  quality; 

3.  Light  intensity; 

4.  Photoperiod; 

5.  Size  of  test  vessel; 

6.  Volume  of  test  solution; 

7.  Age  of  test  animals; 

8.  Number  animals  per 
test  vessel; 

9.  Number  of  replicate 
test  vessels  per 
concentration ; 

10.  Total  number  of  organisms 
per  concentration; 

11.  Feeding  regime; 

12.  Aeration; 

13.  Dilution  water; 

14.  Test  duration; 


20  ±  2»C* 

Ambient  laboratory 
illumination 

50-100  footcandles 
(ambient  laboratory  levels) 

16  h  light;  8  h  dark 

1  L  beaker 

0.75  L 

1-90  days 


10  (not  to  exceed  loading 
limits) 


2 


20 

Feeding  not  required 

None,  unless  DO  concentration 
falls  below  40%  of  saturation, 
at  which  time  start  gentle 
aeration 

Receiving  water  or  laboratory 
groundwater 

48  h  -  static 

96  h  -  static  renewal  or 

continuous  slow 


15.  Effect  measured:  Mortality  -  no  movement 

®  Pilot  scale  tests  conducted  at  25  ±  2®C  to  reflect  change 

recommended  in  the  upcoming  4th  ed.  EPA  acute  testing  manual. 


TABLE  3.  EPA  RECOMMENDED  TEST  CONDITIONS  FOR  MYSIDS  rMYSIDOPSIS 
BAHIA) . 


1. 

Salinity; 

20-30  ppt 

2. 

Temperature ; 

20  ±  2»C* 

3. 

Light  intensity: 

50-100  footcandles 
(ambient  laboratory  levels) 

4. 

Photoperiod; 

16  h  light:  8  h  dark 

5. 

Size  of  test  vessel: 

250  mL  glass  beaker 

6. 

Volume  of  test  solution: 

200  mL  per  rep 

7. 

Age  of  test  animals: 

1-5  days 

8. 

Nvunber  of  animals  per 
test  vessel: 

10 

9. 

Number  of  replicate 
test  vessels  per 
concentration: 

2 

10. 

Total  number  of  organisms 
per  concentration; 

20 

11. 

Feeding  regime: 

Feed  150  24-h  old  brine  shrimp 
nauplii  per  mysid  twice  daixy 

12. 

Aeration: 

None,  unless  DO  concentration 
falls  below  40%  of  saturation, 
at  which  time  start  gentle 
aeration 

13. 

Dilution  water: 

Natural  seawater  or  artificial 
sea  salts 

14. 

Test  duration: 

48  h  -  static 

96  h  -  static  renewal 

15. 

Effect  measured: 

Mortality  -  no  movement  of 
body  or  appendages  on  gentle 
prodding 

*  Pilot  scale  tests  conducted  at  25  ±  2*C  to  reflect  change 

recommended  in  the  upcoming  4th  ed.  EPA  acute  testing  manual. 
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TABLE  4.  EPA  RECOMMENDED  TEST  CONDITIONS  FOR  SHEEPSHEAD  MINNOWS 
fCYPRINODON  VARIEGATUS^ . 


1. 

Salinity: 

20-30  ppt 

2. 

Temperature: 

20  ±  2»C* 

3. 

Light  intensity: 

50-100  footcandles 
(ambient  laboratory  levels) 

4. 

Photoperiod: 

14  h  light;  10  h  dark 

5. 

Size  of  test  vessel: 

1  L 

6. 

Volume  of  test  solution: 

0.75  L 

7  . 

Age  of  test  animals: 

1-90  days 

8. 

Number  of  animals  per 
test  vessel: 

10  (not  to  exceed  loading 
limits) 

9. 

Number  of  replicate 
test  vessels  per 
concentr at ion : 

2 

10. 

Total  number  of  organisms 
per  concentration: 

20 

11. 

Feeding  regime: 

Feeding  not  required 

12. 

Aeration: 

None,  unless  DO  concentration 
falls  below  40%  of  saturation, 
at  which  time  start  gentle 
aeration 

13. 

Dilution  water: 

Natural  seawater  or  artificial 
sea  salts 

14. 

Test  duration: 

48  h  -  static 

96  h  -  static  renewal  or 
continuous  flow 

15. 

Effect  measured: 

Mortality  -  no  movement 

*  Pilot  scale  tests  conducted  at  25  ±  2®C  to  reflect  change 

recommended  in  the  upcoming  4th  ed.  EPA  acute  testing  manual. 
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TABLE  5.  SUMMARY  OF  THE  OLD  0-FIELD  GROUNDWATER  BENCH  SCALE  48-H 
LC50  VALUES  AND  ASSOCIATED  95%  CONFIDENCE  LIMITS  OF 
NEONATE  DAPHNIDS. 


Type  of  Test 

Date* 

48-h  LC50  (95%  Confidence  Limits) 
(Percent  Groundwater  by  Volume) 

Untreated 
(Test  No.  1) 

1/09/91 

1/12/91 

33.4  (27.6  -  39.1) 

Untreated 
(Test  No.  2) 

3/21/91 

3/23/91 

57.5  (51.8  -  64.2) 

Metals 

Precipitation 
(Test  No.  1) 

1/18/91 

1/20/91 

No  mortality  in 

100%  effluent 

Metals 

Precipitation 
(Test  No.  2) 

3/21/91 

3/23/91 

64.7  (59.6  -  71.2) 

UV  Oxidation 
(Test  No.  1) 

1/18/91 

1/20/91 

<10 

UV  Oxidation 
(Test  No.  2) 

3/23/91 

3/25/91 

No  mortality  in 

100%  effluent 

UV  Oxidation- 
JHU/APL 

Diluent  Water 

3/23/91 

3/25/91 

No  mortality  in 

100%  effluent 

Carbon  Adsorption 

1/16/91 

1/18/91 

<50%  mortality  in 

100%  effluent 

Carbon  Adsorption/ 
Biological  Sludge 

1/23/91 

1/25/91 

No  significant 
mortality  in 

100%  effluent 

‘  The  upper  date  for  each  sample  is  the  date  the  sample  was 
received  at  JHU/APL;  the  lower  date  is  the  date  the 
bioassay  was  completed  at  JHU/APL. 
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TABLE  6.  SUMMARY  OF  THE  OLD  0-FIELD  GROUNDWATER  BENCH  SCALE  48-H 
LC50  VALUES  AND  ASSOCIATED  95%  CONFIDENCE  LIMITS  OF 
JUVENILE  FATHEAD  MINNOWS. 


Type  of  Test 

Date* 

48-h  LC50  (95%  Confidence  Limits) 
(Percent  Groundwater  by  Volume) 

Untreated 
(Test  No.  1) 

1/09/91 

1/12/91 

50.8  (44.0  -  59.9) 

Untreated 
(Test  No.  2) 

3/21/91 

3/23/91 

56.8  (50.9  -  63.5) 

Metals 

Precipitation 
(Test  No.  1) 

1/18/91 

1/20/91 

No  mortality  in 

100%  effluent 

Metals 

Precipitation 
(Test  No.  2) 

3/21/91 

3/23/91 

64.7  (59.6  -  71.1) 

UV  Oxidation 
(Test  No.  1) 

1/18/91 

1/20/91 

12.9  (0.44  -  14.63) 

UV  Oxidation 
(Test  No.  2) 

3/23/91 

3/25/91 

No  mortality  in 

100%  effluent 

UV  Oxidation- 
JHU/APL 

Diluent  Water 

3/23/91 

3/25/91 

No  mortality  in 

100%  effluent 

Carbon  Adsorption 

1/16/91 

1/18/91 

No  mortality  in 

100%  effluent 

Carbon  Adsorption/ 
Biological  Sludge 

1/23/91 

1/25/91 

No  mortality  in 

100%  effluent 

‘  The  upper  date  for  each  sample  is  the  date  the  sample  was 
received  at  JHU/APL;  the  lower  date  is  the  date  the 
bioassay  was  completed  at  JHU/APL. 
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TABLE  7.  SUMMARY  OF  THE  OLD  0-FIELD  GROUNDWATER  PILOT  SCALE  96-H 
LC50  VALUES  AND  ASSOCIATED  95%  CONFIDENCE  LIMITS  OF 
NEONATE  DAPHNIDS. 


Type  of  Test 

Date* 

96-h  LC50  (95%  Confidence  Limits) 
(Percent  Groundwater  by  Volume) 

Untreated 

4/26/91 

5/01/91 

33.4  (28.1  -  38.6) 

Chemical 

Precipitation 

4/26/91 

5/01/91 

No  mortality  in 

100%  effluent 

UV  Oxidation 
(Test  No.  1) 

4/26/91 

5/01/91 

No  mortality  in 

100%  effluent 

UV  Oxidation 
(Test  No.  2) 

4/27/91 

5/03/91 

No  mortality  in 

100%  effluent 

Air 

Stripping 

5/01/91 

5/06/91 

No  mortality  in 

100%  effluent 

Carbon 

Treatment 

5/01/91 

5/06/91 

No  mortality  in 

100%  effluent 

^  The  upper  date  for  each  sample  is  the  date  the  sample  was 
received  at  JHU/APL;  the  lower  date  is  the  date  the 
bioassay  was  completed  at  JHU/APL. 
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TABLE  8.  SUMMARY  OF  THE  OLD  0-FIELD  GROUNDWATER  PILOT  SCALE  96-H 
LC50  VALUES  AND  ASSOCIATED  95%  CONFIDENCE  LIMITS  OF 
JUVENILE  FATHEAD  MINNOWS. 


Type  of  Test 

Date* 

96-h  LC50  (95%  Confidence  Limits) 
(Percent  Groundwater  by  Volume) 

Untreated 

4/26/91 

5/01/91 

42.3  (36.5  -  49.1) 

Chemical 

Precipitation 

4/26/91 

5/01/91 

No  mortality  in 

100%  effluent 

UV  Oxidation 
(Test  No.  1) 

4/26/91 

5/01/91 

No  mortality  in 

100%  effluent 

UV  Oxidation 
(Test  No.  2) 

4/27/91 

5/03/91 

5%  mortality  in 

100%  effluent 

Air 

Stripping 

5/01/91 

5/06/91 

No  mortality  in 

100%  effluent 

Carbon 

Treatment 

5/01/05 

5/06/91 

No  mortality  in 

100%  effluent 

^  The  upper  date  for  each  sample  is  the  date  the  sample  was 
received  at  JHU/APL;  the  lower  date  is  the  date  the 
bioassay  was  completed  at  JHU/APL. 
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TABLE  9.  SUMMARY  OF  THE  OLD  0-FIELD  GROUNDWATER  PILOT  SCALE  96-H 
LC50  VALUES  AND  ASSOCIATED  95%  CONFIDENCE  LIMITS 
OF  JUVENILE  MYSIDS. 


Type  of  Test 

Date* 

96-h  LC50  (95%  Confidence  Limits) 
(Percent  Groundwater  by  volume) 

Untreated 

4/26/91 

5/01/91 

38.8  (33.3  -  44.8) 

Chemical 

Precipitation 

4/26/91 

5/01/91 

No  mortality  in 

100%  effluent 

UV  Oxidation 
(Treatment  No.  1) 

4/26/91 

5/01/91 

No  mortality  in 

100%  effluent 

UV  Oxidation 
(Treatment  No. 2) 

4/27/91 

5/03/91 

No  mortality  in 

100%  effluent 

Air 

Stripping 

5/01/91 

5/06/91 

No  mortality  in 

100%  effluent 

Carbon 

Treatment 

5/01/91 

5/06/91 

No  mortality  in 

100%  effluent 

^  The  upper  date  for  each  sample  is  the  date  the  sample  was 
received  at  JHU/APL;  the  lower  date  is  the  date  the 
bioassay  was  completed  at  JHU/APL. 


28 


TABLE  10.  SUMMARY  OF  THE  OLD  0-FIELD  GROUNDWATER  PILOT  SCALE 

96-H  LC50  VALUES  AND  ASSOCIATED  95%  CONFIDENCE  LIMITS 
OF  JUVENILE  SHEEPSHEAD  MINNOWS. 


Type  of  Test 

Date* 

96-h  LC50  (95%  Confidence  Limits) 
(Percent  Groundwater  by  volume) 

Untreated 

4/26/91 

5/01/91 

41.3  (35.5  -  47.8) 

Chemical 

Precipitation 

4/26/91 

5/01/91 

No  mortality  in 

100%  effluent 

UV  Oxidation 
(Test  No.  1) 

4/26/91 

5/01/91 

No  mortality  in 

100%  effluent 

UV  Oxidation 
(Test  No.  2) 

4/27/91 

5/03/91 

<5%  mortality  in 

100%  effluent 

Air 

Stripping 

5/01/91 

5/06/91 

No  mortality  in 

100%  effluent 

Carbon 

Treatment 

5/01/91 

5/06/91 

No  mortality  in 

100%  effluent 

The  upper  date  for  each  sample  is  the  date  the  sample  was 
received  at  JHU/APL;  the  lower  date  is  the  date  the 
bioassay  was  completed  at  JHU/APL. 
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TABLE  11.  SUMMARY  OF  THE  OLD  0-FIELD  GROUNDWATER  BENCH  SCALE 
48-H  MORTALITY  DATA  OF  JUVENILE  FATHEAD  MINNOWS  AND 
DAPHNIDS  -  UNTREATED  GROUNDWATER  (TEST  NO.  1) . 


Treatment 
(Percent 
Material 
by  Vol . ) 

Daphnids 

(/  Dead//  Tested} 

Rep  1  Rep  2 

Fathead 
(/  Dead// 

Rep  1 

Minnows 

Tested) 

Rep  2 

i/a9/.ai 

0.0 

0/10 

0/10 

0/10 

0/10 

10 

0/10 

0/10 

0/10 

0/10 

18 

1/10 

0/10 

0/10 

0/10 

32 

5/10 

1/10 

2/10 

1/10 

56 

10/10 

10/10 

4/10 

5/10 

100 

10/10 

10/10 

10/10 

10/10 

100  -  pH 
adjusted 
to  7  with 

NaOH 

8/10 

9/10 

3/10 

4/10 

100  -  pH 
adjusted 
to  7  with 
Na2C03 

7/10 

8/10 

5/10 

5/10 
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TABLE  11.  (CONTINUED)  -  UNTREATED  GROUNDWATER  (TEST  NO.  2). 


Treatment 
(Percent 
Material 
by  Vol . ) 

Daphnids 

(/  Dead//  Tested) 

Rep  1  Rep  2 

Fathead 
(/  Dead// 

Rep  1 

Minnows 

Tested) 

Rep  2 

3/21/91 

0.0 

0/10 

0/10 

0/10 

0/10 

10 

0/10 

0/10 

0/10 

0/10 

18 

0/10 

0/10 

0/10 

0/10 

32 

0/10 

1/10 

0/10 

0/10 

56 

3/10 

5/10 

5/10 

4/10 

100 

10/10 

10/10 

10/10 

10/10 

100  -  pH 
adjusted 
to  7  with 
Na2C03 

6/10 

4/10 

3/10 

3/10 
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TABLE  11. 


(CONTINUED)  -  METALS  PRECIPITATION  (TEST  NO.  1) . 


Treatment 
(Percent 
Material 
by  Vol . ) 

Daphnids 

(/  Dead/#  Tested) 

Rep  1  Rep  2 

Fathead  Minnows 
(#  Dead/#  Tested) 

Rep  1  Rep  2 

lil.^/91 

0.0 

0/10 

0/10 

0/10 

0/10 

10 

0/10 

0/10 

0/10 

0/10 

18 

0/10 

0/10 

0/10 

0/10 

32 

0/10 

0/10 

0/10 

0/10 

56 

0/10 

0/10 

0/10 

0/10 

100 

0/10 

0/10 

0/10 

0/10 

100  -  pH 
adjusted 
to  7  with 

HCl 

0/10 

a 

1/10 

a 

•  Only  one  replicate  was  run  during  the  test. 
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TABLE  11.  (CONTINUED)  -  METALS  PRECIPITATION  (TEST  NO.  2). 


Treatment 
(Percent 
Material 
by  Vol . ) 

Daphnids 

(i#  Dead/#  Tested) 

Rep  1  Rep  2 

Fathead 
(#  Dead/# 

Rep  1 

Minnows 

Tested) 

Rep  2 

3/21/21 

0.0 

0/10 

0/10 

0/10 

0/10 

10 

0/10 

0/10 

0/10 

0/10 

32 

0/10 

0/10 

0/10 

0/10 

56 

0/10 

0/10 

0/10 

0/10 

100 

10/10 

10/10 

10/10 

10/10 

100  -  pH 

6/10 

4/10 

0/10 

0/10 

adjusted 
to  7  with 
HCl 


TABLE  11.  (CONTINUED)  -  UV  OXIDATION  (TEST  NO.  1)  . 


Treatment 
(Percent 
Material 
by  Vol . ) 

Daphnids 

(/  Dead/#  Tested) 

Rep  1  Rep  2 

Fathead 
(#  Dead/# 

Rep  1 

Minnows 

Tested) 

Rep  2 

1/19/91 

0.0 

0/10 

0/10 

0/10 

0/10 

10 

10/10 

10/10 

2/10 

3/10 

18 

10/10 

10/10 

10/10 

10/10 

32 

10/10 

10/10 

10/10 

10/10 

56 

10/10 

10/10 

10/10 

10/10 

100 

10/10 

10/10 

10/10 

10/10 

100  -  pH 
adjusted 
to  7  with 
Na2C03 

10/10 

10/10 

10/10 

10/10 
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TABLE  11.  (CONTINUED)  -  UV  OXIDATION  (TEST  NO.  2). 


Treatment 
(Percent 
Material 
by  Vol. ) 

Daphnids 

(/  Dead//  Tested) 

Rep  1  Rep  2 

Fathead  Minnows 
(/  Dead//  Tested) 

Rep  1  Rep  2 

3/23/91 

0.0 

0/10 

0/10 

0/10 

0/10 

10 

0/10 

0/10 

0/10 

0/10 

18 

0/10 

0/10 

0/10 

0/10 

32 

0/10 

0/10 

0/10 

0/10 

56 

0/10 

0/10 

0/10 

0/10 

100 

0/10 

0/10 

0/10 

0/10 
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TABLE  11.  (CONTINUED)  -  UV  OXIDATION  OF  JHU/APL  DILUENT 
WATER. 


Treatment 
(Percent 
Material 
by  Vol. ) 

Daphnids 

(#  Dead/#  Tested) 

Rep  1  Rep  2 

Fathead  Minnows 
(#  Dead/#  Tested) 

Rep  1  Rep  2 

3/23/91 

0.0 

0/10 

0/10 

0/10 

0/10 

10 

0/10 

0/10 

0/10 

0/10 

18 

0/10 

0/10 

0/10 

0/10 

32 

0/10 

0/10 

0/10 

0/10 

56 

0/10 

0/10 

0/10 

0/10 

100 

0/10 

0/10 

0/10 

0/10 
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TABLE  11.  (CONTINUED) 


CARBON  ADSORPTION. 


Treatment  Daphnids  Fathead  Minnows 
(Percent  (#  Dead/#  Tested)  (#  Dead/#  Tested) 
Material 

by  Vol.)  Rep  1  Rep  2  Rep  1  Rep  2 


0.0 


10 

18 

32 

56 


1/16/91 
1/10  0/10 

1/10  1/10 

2/10  3/10 

3/10  3/10 

2/10  3/10 

3/10 


0/10  0/10 

0/10  0/10 

0/10  0/10 

0/10  0/10 

0/10  0/10 

0/10 


100 


3/10 


0/10 


TABLE  11.  (CONTINUED)  -  CARBON  ADSORPTION/ BIOLOGICAL  SLUDGE. 


Treatment 
(Percent 
Material 
by  Vol . ) 

Daphnids 

{t  Dead/#  Tested) 

Rep  1  Rep  2 

Fathead  Minnows 
(#  Dead/#  Tested) 

Rep  1  Rep  2 

1/23/91 

0.0 

0/10 

0/10 

0/10 

0/10 

10 

0/10 

0/10 

0/10 

0/10 

18 

0/10 

0/10 

0/10 

0/10 

32 

0/10 

0/10 

0/10 

0/10 

56 

1/10 

0/10 

0/10 

0/10 

100 

1/10 

2/10 

0/10 

0/10 

TABLE  12.  SUMMARY  OF  THE  WATER  QUALITY  DURING  THE  OLD  0-FIELD 
GROUNDWATER  BENCH  SCALE  TOXICITY  TESTS  -  UNTREATED 
GROUNDWATER  (TEST  NO.  1)  . 


Treatment 

0  H 

New 

24  H 

Old 

24  H 

New 

48  H 
Old 

Mean 

m 

Control 

7.29 

7.11 

7.51 

7.38 

7.32 

10% 

7.07 

6.73 

7.17 

7.02 

7.00 

18% 

6.94 

6.56 

7.06 

7.08 

6.91 

32% 

6.57 

6.51 

6.88 

6.93 

6.72 

56% 

6.25 

6.34 

6.40 

6.73 

6.43 

100% 

5.82 

5.96 

5.84 

a 

5.87 

NaOH  -  pH  7 

100% 

6.88 

6.65 

7.07 

6.87 

6.87 

Na2C03  -  pH  7 

100% 

7.04 

7.09 

7.06 

6.93 

7.03 

Dissolved  Oxvaen 

(mq/.L). 

Control 

8.5 

7.8 

8.3 

6.4 

7.8 

10% 

8.3 

7.0 

8.2 

6.4 

7.5 

18% 

8.1 

6.7 

8.3 

6.6 

7.4 

32% 

8.3 

6.6 

8.2 

6.0 

7.3 

56% 

8.2 

7.3 

8.1 

5.9 

7.4 

100% 

8.2 

8.3 

6.6 

a 

7.7 

NaOH  -  pH  7 

100% 

6.9 

6.7 

6.3 

6.5 

6.6 

Na2C03  -  pH  7 

100% 

4.2 

5.9 

6.1 

6.5 

5.7 

Hardness 

fma/L  as 

CaC03^ 

Control 

174 

170 

166 

170 

170 

100% 

280 

260 

264 

260 

266 

Alkalinity  (ma/L  as  CaCo3) 

Control 

80 

100 

90 

80 

88 

100% 

280 

260 

270 

260 

268 

Conductivity  fumhos/cm^ 

Control 

300 

280 

310 

270 

290 

100% 

>500 

>500 

>500 

>500 

>500 

Data  not  taken  because  100%  mortality  occurred. 


I 

I 

I 

I 
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TABLE  12.  (CONTINUED)  -  UNTREATED  GROUNDWATER  (TEST  NO.  2) 


Treatment 

0  H 

New 

24  H 

Old 

24  H 

New 

48  H 

Old 

Mean 

EH 

Control 

8.05 

7.58 

8.18 

7.61 

7.86 

10% 

7.56 

7.32 

7.07 

6.98 

7.23 

18% 

7.18 

7.34 

6.90 

6.98 

7.10 

32% 

6.73 

7.14 

6.66 

7.26 

6.95 

56% 

5.65 

6.17 

6.39 

7.01 

6.31 

100% 

5.65 

6.17 

a 

a 

5.91 

Na2C03  -  pH  7 

100% 

7.01 

6.39 

7.14 

6.27 

6.70 

Dissolved  Oxvaen 

(mq/L) 

Control 

8.6 

7.2 

8.8 

8.0 

8.2 

10% 

7.9 

6.9 

7.7 

7.0 

7.4 

18% 

7.9 

5.9 

7.6 

6.9 

7.1 

32% 

7.0 

5.9 

7.2 

6.7 

6.7 

56% 

6.8 

5.7 

7.0 

6.6 

6.5 

100% 

6.0 

5.1 

a 

a 

5.6 

Na,C0,  -  pH  7 

100% 

6.1 

5.5 

5.9 

5.6 

5.8 

Hardness 

(ma/L  as 

CaCo^) 

Control 

176 

190 

170 

180 

179 

100% 

b 

b 

b 

b 

b 

Alkalinitv 

fma/L  as  CaCo^) 

Control 

80 

125 

100 

130 

109 

100% 

32 

10 

a 

a 

21 

Conduct ivitv  (umbos /cm) 

Control 

330 

370 

330 

380 

353 

100% 

680 

600 

a 

a 

640 

*  Data  not  taken  because  100%  mortality  occurred. 

^  Hardness  could  be  determined  because  of  excessive  color  in  raw 
groundwater  sample. 
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TABLE  12 


(CONTINUED)  -  METALS  PRECIPITATION  (TEST  NO.  1) 


Treatment 

0  H 

New 

24  H 

Old 

24  H 

New 

48  H 
Old 

Mean 

pH 

Control 

7.78 

7.61 

7.81 

7.87 

7.77 

10% 

8.19 

7.83 

8.20 

7.80 

8.01 

18% 

8.36 

7.90 

8.36 

7.82 

8.11 

32% 

8.62 

7.88 

8.44 

7.75 

8.17 

56% 

8.82 

7.98 

8.52 

7.46 

8.20 

100% 

10.13 

8.83 

10.01 

8.28 

9.31 

HCl  -  pH  7 

100% 

7.02 

7.75 

7.04 

7.68 

7.37 

Dissolved  Oxvaen 

(mq/Lj 

Control 

9.1 

8.1 

9.0 

8.2 

8.6 

10% 

9.0 

8.2 

8.4 

7.8 

8.4 

18% 

8.7 

8.1 

8.3 

7.8 

8.2 

32% 

8.8 

8.2 

8.3 

7.9 

8.3 

56% 

9.0 

8.0 

8.3 

7.9 

8.3 

100% 

9.0 

7.8 

8.2 

7.6 

8.2 

HCl  -  pH  7 

100% 

8.0 

5.9 

7.7 

6.0 

6.9 

Hardness 

fma/L  as 

CaCo3) 

Control 

176 

170 

180 

160 

172 

100% 

260 

240 

268 

250 

255 

Alkalinity 

(ma/L  as  CaCo^) 

Control 

80 

100 

70 

80 

83 

100% 

25 

30 

25 

25 

28 

Conductivity  (umhos/cm) 

Control 

310 

300 

320 

300 

308 

100% 

>500  >500 

>500 

>500 

>500 

TABLE  12.  (CONTINUED)  -  METALS  PRECIPITATION  (TEST  NO.  2) 


Treatment 

0  H 

New 

24  H 

Old 

24  H 

New 

48  H 
Old 

Mean 

EH 

Control 

8.05 

7.58 

8.18 

7.91 

7.93 

10% 

8.43 

8.02 

8.63 

8.26 

8.34 

18% 

8.81 

7.94 

9.13 

8.30 

8.55 

32% 

9.11 

7.83 

9.32 

8.11 

8.59 

56% 

9.42 

7.77 

10.01 

8.26 

8.87 

100% 

10.87 

9.52 

a 

a 

10.20 

HCl  -  pH  7 

100% 

7.11 

7.58 

7.14 

7.99 

7.46 

Dissolved  Oxvaen 

(mq/L) 

Control 

8.6 

7.8 

8.8 

7.6 

8.2 

10% 

7.6 

7.0 

8.2 

7  0 

7.5 

18% 

7.7 

7.2 

7.8 

7.1 

7.5 

32% 

8.0 

7.2 

8.0 

7.1 

7.6 

56% 

7.9 

6.2 

7.2 

6.4 

6.9 

100% 

6.0 

7.2 

a 

a 

6.6 

HCl  -  pH  7 

100% 

6.1 

5.8 

a 

a 

6.0 

Hardness 

fma/L  as  CaCo3) 

Control 

176 

190 

170 

180 

179 

100% 

194 

260 

a 

a 

227 

Alkalinity 

fma/L  as  CaCo3> 

Control 

80 

125 

100 

130 

109 

100% 

100 

75 

a 

a 

88 

Conductivitv  fumhos/cm^ 

Control 

330 

370 

330 

380 

353 

100% 

650 

570 

a 

a 

610 

TABLE  12.  (CONTINUED)  -  UV  OXIDATION  (TEST  NO.  1) . 


Treatment 

0  H 

New 

24  H 

Old 

24  H 

New 

48  H 
Old 

Mean 

m 

Control 

7.78 

7.70 

7.81 

7.89 

7.79 

10% 

7.50 

7.60 

7.47 

7.75 

7.58 

18% 

7.30 

7.49 

a 

a 

7.40 

32% 

7.11 

7.55 

a 

a 

7.33 

56% 

6.38 

6.92 

a 

a 

6.65 

100% 

4.10 

3.58 

a 

a 

3.84 

Na2C03  -  pH  7 

100% 

6.98 

6.97 

d 

a 

6.98 

Dissolved  Oxvaen 

fmqyii). 

Control 

8.7 

8.6 

9.0 

8.8 

8.8 

10% 

8.7 

9.4 

9.2 

9.0 

9.1 

18% 

8.6 

10.0 

a 

a 

9.3 

32% 

10.1 

12.3 

a 

a 

11.2 

56% 

10.8 

12.0 

a 

a 

11.4 

100% 

11.0 

12.1 

a 

a 

11.6 

NajCO,  -  pH  7 

100% 

8.6 

6.7 

a 

a 

7.7 

Hardness 

fma/L  as 

-gaggal 

Control 

176 

170 

180 

160 

172 

100% 

352 

360 

a 

a 

356 

Alkalinity  (ma/L  as  CaC03^ 

Control 

80 

100 

70 

80 

83 

100% 

b 

b 

b 

b 

b 

Conductivity  fumhos/cm) 

Control 

310 

290 

320 

300 

305 

100% 

>500 

>500 

a 

a 

>500 

*  Data  not  taken  because  100%  mortality  occurred. 

^  Alkalinity  could  not  be  determined  because  of  interference 
during  the  titration. 
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TABLE  12.  (CONTINUED)  -  UV  OXIDATION  (TEST  NO.  2) 


Treatment 

0  H 

New 

24  H 

Old 

24  H 

New 

48  H 
Old 

Mean 

Control 

7.87 

7.95 

8.01 

7.58 

7.85 

10% 

7.98 

7.80 

7.99 

7.83 

7.90 

18% 

7.96 

7.89 

7.91 

7.84 

7.90 

32% 

7.86 

7.80 

7.92 

7.85 

7.86 

56% 

7.74 

7.66 

7.72 

7.79 

7.73 

100% 

7.45 

7.47 

7.59 

7.68 

7.55 

Dissolved  Oxvaen 

(mgyp 

Control 

8.0 

7.2 

7.1 

6.2 

7.1 

10% 

8.0 

7.2 

7.7 

6.0 

7.2 

18% 

8.2 

6.9 

7.7 

6.1 

7.2 

32% 

8.5 

5.7 

7.6 

6.3 

7.0 

56% 

9.0 

6.6 

8.3 

6.3 

7.6 

100% 

9.0 

7.8 

8.0 

6.2 

7.8 

Hardness 

^Ina/L  as 

CaC03) 

Control 

164 

176 

160 

188 

172 

100% 

380 

460 

376 

432 

412 

Alkalinity 

fma/L  as  CaCo3) 

Control 

80 

100 

90 

130 

100 

100% 

90 

100 

90 

120 

100 

Conductivity  fumhos/cm) 

Control 

320 

340 

315 

335 

328 

100% 

610 

640 

600 

700 

638 

TABLE  12.  (CONTINUED)  -  UV  OXIDATION  OF  JHU/APL  DILUENT 
WATER. 


Treatment 

0  H 

New 

24  H 

Old 

24  H 

New 

48  H 
Old 

Mean 

EH 

Control 

7.87 

7.95 

t.Ol 

7.58 

7.85 

10% 

8.03 

7.83 

8.06 

7.64 

7.89 

18% 

8.00 

7.83 

8.03 

7.66 

7.88 

32% 

7.94 

7.86 

8.00 

7.68 

7.87 

56% 

7.79 

7.79 

7.89 

7.70 

7.79 

100% 

7.63 

7.82 

7.76 

7.71 

7.73 

Dissolved  Oxvaen 

■  CmqZL). 

Control 

8.0 

7.2 

7.1 

6.2 

7.1 

10% 

8.1 

6.9 

7.7 

5.9 

7.2 

18% 

8.3 

6.0 

7.6 

6.0 

7.0 

32% 

8.6 

6.0 

7.7 

7.2 

7.4 

56% 

9.0 

6.6 

7.9 

6.2 

7.4 

100% 

9.0 

7.8 

8.1 

6.3 

7.8 

Hardness 

(ma/L  as 

CaC03) 

Control 

164 

176 

160 

188 

172 

100% 

148 

158 

140 

208 

164 

Alkalinity 

_fmq/L  as  CaC03) 

Control 

80 

100 

90 

130 

100 

100% 

135 

125 

140 

150 

138 

Conductivity  fumhos/cm) 

Control  320  340  315  335  328 

100%  340  410  350  346  362 
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TABLE  12.  (CONTINUED)  -  CARBON  ADSORPTION. 


Treatment 

0  H 

New 

24  H 
Old 

24  H 

New 

48  H 
Old 

Mean 

m 

Control 

7.47 

7.14 

7.42 

7.21 

7.31 

10% 

7.27 

7.05 

7.17 

7.10 

7.15 

18% 

7.25 

7.05 

7.10 

7.15 

7.14 

32% 

7.15 

7.03 

6.89 

7.05 

7.03 

56% 

7.32 

6.99 

7.03 

6.98 

7.08 

100% 

7.34 

7.06 

7.00 

6.87 

7.07 

Dissolved  Oxvaen 

(mq/Ll 

Control 

8.5 

8.0 

8.7 

8.5 

8.4 

10% 

8.5 

6.5 

8.5 

7.7 

7.8 

18% 

8.6 

6.8 

8.5 

7.3 

7.8 

32% 

8.3 

6.6 

8.6 

7.4 

7.7 

56% 

8.3 

6.0 

8.5 

7.0 

7.5 

100% 

8.2 

6.2 

8.5 

7.3 

7.6 

Hardness  (ma/L  as  CaCo3^ 

Control 

156 

150 

160 

146 

153 

100% 

280 

260 

280 

250 

268 

Alkalinity  (ma/L  as  CaC03) 

Control 

180 

160 

170 

160 

168 

100% 

90 

100 

100 

110 

100 

Conduct ivitv  fumhos/cm) 

Control 

330 

320 

340 

330 

330 

100% 

>500 

>500 

>500 

>500 

>500 
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TABLE  12.  (CONTINUED)  -  CARBON  ADSORPTION/ BIOLOGICAL  SLUDGE 


Treatment 

0  H 

New 

24  H 

Old 

24  H 

New 

48  H 
Old 

Mean 

EH 

Control 

7.90 

7.84 

8.13 

7.77 

7.91 

10% 

8.05 

7.91 

8.17 

7.67 

7.95 

18% 

8.01 

7.73 

8.18 

7.71 

7.91 

32% 

7.99 

7.71 

8.13 

7.54 

7.84 

56% 

7.89 

7.60 

8.02 

7.30 

7.70 

100% 

7.46 

7.10 

7.84 

6.81 

7.30 

Dissolved  Oxvaen 

im/hl 

Control 

8.1 

7.7 

8.8 

7.9 

8.1 

10% 

8.2 

8.0 

8.1 

7.6 

8.0 

18% 

8.3 

7.5 

8.3 

7.6 

7.9 

32% 

8.4 

7.2 

8.0 

7.5 

7.8 

56% 

8.3 

7.1 

8.1 

6.7 

7.6 

100% 

8.6 

7.2 

7.9 

7.0 

7.7 

Hardness 

Cma/L  as  CaC03l 

Control 

194 

180 

196 

192 

191 

100% 

425 

400 

415 

300 

385 

Alkalinitv  fma/L  as  CaCo^) 

Control 

100 

110 

95 

105 

103 

100% 

15 

25 

20 

10 

18 

Conductivity  fumhos/cm) 

Control 

300 

320 

310 

325 

314 

100% 

>500 

>500 

>500 

>500 

>500 

TABLE  13 


SUMMARY  OF  THE  OLD  0-FIELD  GROUNDWATER  PILOT  SCALE 
96-H  MORTALITY  DATA  OF  NEONATE  DAPHNIDS  AND  JUVENILE 
FATHEAD  MINNOWS  -  UNTREATED  GROUNDWATER. 


Treatment 
(Percent 
Material 
by  Vol . ) 

Daphnid 

(#  Dead/#  Tested) 

Rep  1  Rep  2 

Fathead  minnow 
(#  Dead/#  Tested) 

Rep  1  Rep  2 

4/27/91 

0.0 

0/10 

0/10 

0/10 

0/10 

10 

0/10 

0/10 

0/10 

0/10 

18 

0/10 

0/10 

0/10 

0/10 

32 

4/10 

4/10 

0/10 

0/10 

56 

10/10 

10/10 

10/10 

10/10 

100 

10/10 

10/10 

10/10 

10/10 

TABLE  13. 

(CONTINUED)  -  CHEMICAL  PRECIPITATION. 

Treatment 
(Percent 
Material 
by  Vol . ) 

Daphnid 

(0  Dead/#  Tested) 

Rep  1  Rep  2 

Fathead  minnow 
(#  Dead/#  Tested) 

Rep  1  Rep  2 

il21l91 

0.0 

0/10 

0/10 

0/10 

0/10 

10 

0/10 

0/10 

0/10 

0/10 

18 

0/10 

0/10 

0/10 

0/10 

32 

0/10 

0/10 

0/10 

0/10 

56 

0/10 

0/10 

0/10 

0/10 

100 

0/10 

0/10 

0/10 

0/10 
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TABLE  13.  (CONTINUED)  -  UV  OXIDATION  (TEST  NO.  1) . 


Treatment  Daphnid  Fathead  minnow 

(Percent  (#  Dead/#  Tested)  (#  Dead//  Tested) 

Material 

by  Vol . )  Rep  1  Rep  2  Rep  1  Rep  2 


1 

4/27/91 

*  0.0 

0/10 

0/10 

0/10 

0/10 

1 

0/10 

0/10 

0/10 

0/10 

18 

0/10 

0/10 

0/10 

0/10 

1 

0/10 

0/10 

0/10 

0/10 

_  56 

0/10 

0/10 

0/10 

0/10 

*  100 

0/10 

0/10 

0/10 

0/10 
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TABLE  13. 

(CONTINUED)  -  UV 

OXIDATION 

(TEST  NO.  2) . 

Treatment 

Daphnid 

Fathead 

minnow 

(Percent 

Material 

(/  Dead// 

Tested) 

(/  Dead// 

Tested) 

by  Vol. ) 

Rep  1 

Rep  2 

Rep  1 

Rep  2 

4/29/91 

0.0 

0/10 

0/10 

0/10 

0/10 

10 

0/10 

0/10 

0/10 

0/10 

18 

0/10 

0/10 

0/10 

0/10 

32 

0/10 

0/10 

0/10 

0/10 

56 

1/10 

0/10 

1/10 

0/10 

100 

0/10 

0/10 

2/10 

0/10 

51 


TABLE  13.  (CONTINUED)  -  AIR  STRIPPING. 


Treatment  Daphnid  Fathead  minnow 

(Percent  (#  Dead/#  Tested)  (#  Dead/#  Tested) 

Material 


by  Vol . ) 

Rep  1 

Rep  2 

Rep  1 

Rep  2 

5/02/91 

0.0 

0/10 

0/10 

0/10 

0/10 

10 

0/10 

0/10 

0/10 

0/10 

18 

0/10 

0/10 

0/10 

0/10 

32 

0/10 

0/10 

0/10 

0/10 

56 

0/10 

0/10 

0/10 

0/10 

100 

0/10 

0/10 

0/10 

0/10 

I 


I 

I 
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TABLE  13.  (CONTINUED)  -  CARBON. 


Treatment 
(Percent 
Material 
by  Vol. ) 

Oaphnid 

(#  Dead/#  Tested) 

Rep  1  Rep  2 

Fathead  minnow 
(#  Dead/#  Tested) 

Rep  1  Rep  2 

5/02/91 

0.0 

0/10 

0/10 

0/10 

0/10 

10 

0/10 

0/10 

0/10 

0/10 

18 

0/10 

0/10 

0/10 

0/10 

32 

0/10 

0/10 

0/10 

0/10 

56 

0/10 

0/10 

0/10 

0/10 

100 

0/10 

0/10 

0/10 

0/10 
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TABLE  14.  SUMMARY  OF  THE  OLD  0-FIELD  GROUNDWATER  PILOT  SCALE 
96-H  MORTALITY  DATA  OF  JUVENILE  MYSIDS  AND  JUVENILE 
SHEEPSHEAD  MINNOWS  -  UNTREATED  GROUNDWATER. 


Treatment 

Mysid 

Sheepshead  Minnow 

(Percent 

(#  Dead//  Tested) 

(/  Dead//  Tested) 

Material 

by  Vol . ) 

Rep  1  Rep  2 

Rep  1  Rep  2 

4/27/91 


0.0 

0/10 

0/10 

0/10 

0/10 

10 

0/10 

0/10 

0/10 

0/10 

18 

0/10 

0/10 

0/10 

0/10 

32 

1/10 

1/10 

2/10 

2/10 

56 

10/10 

10/10 

9/10 

8/10 

100 

10/10 

10/10 

10/10 

10/10 
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TABLE  14.  (CONTINUED)  -  CHEMICAL  PRECIPITATION. 


Treatment 
(Percent 
Material 
by  Vol . ) 

Mysid 

(/  Dead/#  Tested) 

Rep  1  Rep  2 

Sheepshead  Minnow 
(#  Dead/#  Tested) 

Rep  1  Rep  2 

4/27/91 

0.0 

0/10 

0/10 

0/10 

0/10 

10 

0/10 

0/10 

0/10 

0/10 

18 

0/10 

0/10 

0/10 

0/10 

32 

0/10 

0/10 

0/10 

0/10 

56 

0/10 

0/10 

1/10 

0/10 

100 

0/10 

0/10 

0/10 

0/10 

55 


TABLE  14.  (CONTINUED)  -  UV  OXIDATION  (TEST  NO.  1) . 


Treatment 
(Percent 
Material 
by  Vol. ) 

Mysid 

(/  Dead/#  Tested) 

Rep  1  Rep  2 

Sheepshead  Minnow 
(#  Dead/#  Tested) 

Rep  1  Rep  2 

4/27/91 

0.0 

0/10 

0/10 

0/10 

0/10 

10 

0/10 

0/10 

0/10 

0/10 

18 

0/10 

0/10 

0/10 

0/10 

32 

0/10 

0/10 

0/10 

0/10 

56 

0/10 

0/10 

0/10 

0/10 

100 

0/10 

0/10 

0/10 

0/10 

56 


TABLE  14. 

(CONTINUED)  -  UV 

OXIDATION 

(TEST  NO.  2) . 

Treatment 
(Percent 
Material 
by  Vol.) 

Mysid 

(#  Dead//  Tested) 

Rep  1  Rep  2 

Sheepshead  Minnow 
(/  Dead//  Tested) 

Rep  1  Rep  2 

4/29/91 

0.0 

0/10 

0/10 

0/10 

0/10 

10 

0/10 

0/10 

0/10 

0/10 

18 

0/10 

0/10 

0/10 

0/10 

32 

2/10 

0/10 

0/10 

1/10 

56 

0/10 

0/10 

2/10 

0/10 

100 

0/10 

0/10 

1/10 

0/10 

I 

I 
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TABLE  14.  (CONTINUED)  -  AIR  STRIPPING. 


Treatment  Mysid  Sheepshead  Minnow 
(Percent  (/  Dead/#  Tested)  (#  Dead/#  Tested) 
Material 

by  Vol.)  Rep  1  Rep  2  Rep  1  Rep  2 


0.0 


10 

18 

32 

56 


0/10 

5/02/91 

0/10 

0/10 

0/10 

0/10 

0/10 

0/10 

0/10 

0/10 

0/10 

0/10 

0/10 

0/10 

0/10 

0/10 

0/10 

0/10 

0/10 

0/10 

1/10 

0/10 

0/10 

0/10 

0/10 

100 


TABLE  14.  (CONTINUED)  -  CARBON. 


Treatment 
(Percent 
Material 
by  Vol . ) 

Mysid 

(/  Dead//  Tested) 

Rep  1  Rep  2 

Sheepshead  Minnow 
(/  Dead//  Tested) 

Rep  1  Rep  2 

5/02/91 

0.0 

0/10 

0/10 

0/10 

0/10 

10 

0/10 

0/10 

0/10 

0/10 

18 

0/10 

1/10 

0/10 

0/10 

32 

0/10 

0/10 

0/10 

0/10 

56 

0/10 

0/10 

0/10 

0/10 

100 

0/10 

0/10 

0/10 

0/10 

TABLE  15.  SUMMARY  OF  THE  WATER  QUALITY  DURING  THE  OLD  0-FIELD 
GROUNDWATER  PILOT  SCALE  TOXICITY  TESTS  -  UNTREATED 
GROUNDWATER  (FRESHWATER  ORGANISMS) . 


Treat¬ 

ment 

0  H 

New 

24  H 

New 

Old 

48  H 

New 

Old 

72  H 
New 

Old 

96  H 

Old 

Mean 

EH 

Control 

7.82 

7.92 

7.67 

8.32 

7.93 

7.51 

7.43 

8.09 

8.04 

7.77 

10% 

7.02 

7.06 

6.95 

7.44 

7.12 

7.11 

6.80 

7.57 

8.01 

7.37 

18% 

6.63 

6.71 

6.83 

7.64 

6.95 

6.74 

6.86 

7.47 

8.24 

7.33 

32% 

6.31 

6.40 

6.42 

7.70 

6.71 

6.48 

6.88 

7.25 

8.06 

7.17 

56% 

5.96 

6.01 

6.04 

a 

a 

6.00 

6.10 

5.23 

a 

a 

5.67 

100% 

3.23 

a 

a 

a 

a 

3.23 

Dissolved  Oxvaen 

(mq/t,) 

Control 

8.0 

7.7 

7.4 

8.2 

7.8 

7.1 

7.0 

6.2 

6.1 

6.6 

10% 

7.4 

7.1 

7.3 

7.2 

7.3 

6.4 

5.8 

5.8 

5.9 

6.0 

18% 

7.3 

7.0 

7.2 

7.0 

7.1 

6.1 

5.7 

5.9 

6.1 

6.0 

32% 

7.0 

6.8 

7.0 

7.0 

7.0 

6.0 

5.6 

5.3 

5.0 

5.5 

56% 

6.8 

6.4 

6.5 

a 

a 

6.6 

5.8 

6.3 

a 

a 

6.1 

100% 

6.0 

a 

a 

a 

a 

6.0 

^  Data  not  taken  because  100%  mortality  occurred. 
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TABLE  15.  (CONTINUED)  -  UNTREATED  GROUNDWATER  (SALTWATER 
ORGANISMS) . 


Treat¬ 

ment 

0  H 

New 

24  H 

New 

Old 

48  H 

New 

Old 

72  H 

New 

Old 

96  H 

Old 

Mean 

EH 

Control 

7.78 

7.88 

7.86 

8.12 

7.91 

7.39 

7.59 

8.01 

7.94 

7.73 

10% 

6.94 

6.98 

6.95 

7.23 

7.02 

7.13 

7.22 

7.46 

7.32 

7.28 

18% 

6.78 

6.91 

6.92 

6.93 

6.89 

6.97 

7.29 

7.19 

7.42 

7.22 

32% 

6.63 

6.74 

6.84 

6.86 

6.77 

6.77 

7.21 

7.18 

7.43 

7.15 

56% 

6.48 

6.51 

6.69 

6.88 

6.56 

6.54 

6.84 

6.90 

6.91 

6.69 

100% 

6.16 

a 

a 

a 

6.16 

Dissolved  Oxvaen 

—[mq/Jj). 

Control 

7.0 

7.1 

7.2 

7.5 

7.2 

6.0 

6.2 

6.9 

6.3 

6.4 

10% 

6.7 

7.2 

6.4 

6.5 

6.7 

5.9 

5.2 

5.9 

5.8 

5.7 

18% 

6.3 

6.5 

6.0 

6.3 

6.3 

5.3 

5.3 

5.2 

5.0 

5.2 

32% 

7.0 

6.6 

5.5 

6.4 

6.4 

6.0 

5.7 

5.1 

4.9 

5.4 

56% 

6.6 

5.8 

5.3 

6.4 

5.9 

5.7 

5.9 

5.3 

5.0 

5.8 

100% 

6.0 

a 

a 

a 

6.0 

Salinitv  foot^ 

Control 

19.5 

20.5 

20.0 

20.0 

20.0 

20.0 

100% 

19.5 

20.0 

19.0 

19.0 

19.0 

19.3 

*  Data  not  taken  because  100%  mortality  occurred. 
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TABLE  15.  (CONTINUED)  -  CHEMICAL  PRECIPITATION  (FRESHWATER 
ORGANISMS) . 


Treat¬ 

ment 

0  H 

New 

24  H 
New 

Old 

48  H 

New 

Old 

72  H 

New 

Old 

96  H 

Old 

Mean 

EH 

Control 

7.82 

7.92 

7.67 

8.32 

7.93 

7.51 

7.43 

8.09 

8.12 

7.79 

10% 

7.47 

7.62 

7.44 

8.44 

7.74 

7.92 

7.71 

7.74 

8.46 

7.96 

18% 

7.76 

7.91 

7.79 

8.60 

8.01 

7.95 

7.77 

7.82 

8.39 

7.98 

32% 

7.89 

7.97 

7.80 

8.40 

8.01 

7.88 

7.65 

7.76 

8.31 

7.90 

56% 

7.76 

7.90 

7.62 

8.17 

7.86 

7.78 

7.52 

7.60 

8.11 

7.75 

100% 

7.58 

7.75 

7.33 

7.57 

7.56 

7.61 

7.30 

7.36 

7.82 

7.52 

Dissolved  Oxygen  fma/L) 


Control 

8.0 

7.7 

7.4 

8.2 

7.8 

7.1 

7.0 

6.2 

6.0 

6.6 

10% 

8.0 

8.1 

7.7 

8.0 

8.0 

6.0 

6.7 

6.0 

5.8 

6.1 

18% 

8.1 

7.8 

7.9 

8.0. 

8.0 

6.5 

6.9 

6.3 

5.9 

6.4 

32% 

8.0 

7.8 

7.9 

8.1 

8.0 

6.6 

7.1 

6.6 

6.1 

6.6 

56% 

7.9 

7.9 

7.7 

8.0 

7.9 

6.7 

6.7 

6.8 

VO 

• 

VO 

6.7 

100% 

00 

• 

7.7 

7.9 

8.1 

7.9 

6.9 

6.0 

6.5 

6.5 

6.5 

TABLE  15.  (CONTINUED)  -  CHEMICAL  PRECIPITATION  (SALTWATER 
ORGANISMS) . 


Treat¬ 

ment 

0  H 

New 

24  H 
New 

Old 

48  H 

New 

Old 

72  H 
New 

Old 

96  H 

Old 

Mean 

EH 

Control 

7.78 

7.88 

7.86 

8.12 

7.91 

7.39 

7.50 

8.01 

8.12 

7.76 

10% 

7.52 

7.76 

7.73 

7.75 

7.69 

7.61 

7.92 

7.88 

7.40 

7.70 

18% 

7.65 

7.94 

8.21 

8.12 

7.98 

7.50 

7.81 

7.72 

7.78 

7.70 

32% 

7.81 

7.96 

8.33 

8.20 

8.08 

7.49 

7.76 

7.70 

7.75 

7.68 

56% 

7.92 

8.01 

8.47 

8.30 

8.18 

7.45 

7.70 

7.62 

7.75 

7.63 

100% 

7.93 

7.97 

8.72 

8.52 

8.29 

7.48 

7.66 

7.58 

7.67 

7.60 

Dissolved  Oxygen  fma/L) 


Control 

7.0 

7.1 

7.2 

7.5 

7.2 

6.0 

6.2 

6.9 

6.3 

6.4 

10% 

7.4 

7.5 

7.1 

7.3 

7.3 

6.0 

5.1 

5.2 

4.8 

5.3 

18% 

7.5 

7.3 

7.1 

7.1. 

7.3 

5.8 

4.9 

5.4 

4.9 

5.3 

32% 

6.8 

7.3 

7.0 

7.0 

7.0 

5.4 

4.8 

5.3 

5.0 

5.1 

56% 

6.9 

7.2 

7.2 

7.1 

7.1 

5.6 

4.8 

5.3 

4.9 

5.2 

100% 

6.8 

7.1 

7.0 

6.9 

7.0 

5.9 

5.0 

5.1 

5.0 

5.3 

Salinitv 

iPPtl 

Control 

20.0 

20.1 

20.0 

20.0 

20.0 

20.0 

100% 

19.0 

19.5 

20.0 

20.5 

21.0 

20.0 

TABLE  15.  (CONTINUED)  -  UV  OXIDATION  TEST  NO.  1  (FRESHWATER 
ORGANISMS)  . 


Treat¬ 

ment 

0  H 

New 

24  H 

New 

Old 

48  H 

New 

Old 

72  H 
New 

Old 

96  H 

Old 

Mean 

EH 

Control 

7.82 

7.92 

7.67 

8.32 

7.93 

7.51 

7.43 

8.09 

8.02 

7.76 

10% 

7.67 

7.48 

8.70 

7.74 

7.90 

7.58 

7.94 

7.52 

7.03 

7.52 

18% 

7.93 

7.67 

8.85 

7.80 

8.06 

7.62 

7.92 

7.61 

7.15 

7.58 

32% 

7.90 

7.60 

8.55 

7.67 

7.93 

7.57 

7.87 

7.55 

7.09 

7.52 

56% 

7.83 

7.56 

8.29 

7.47 

7.79 

7.48 

7.74 

7.45 

7.03 

7.43 

100% 

7.49 

7.30 

7.69 

7.13 

7.40 

7.26 

7.45 

7.09 

6.86 

7.17 

Dissolved  Oxvaen 

Tma/L^ 

Control 

8.0 

7.7 

7.4 

8.2 

7.8 

7.1 

7.0 

6.2 

6.1 

6.6 

10% 

7.7 

7.5 

7.7 

8.1 

7.8 

6.5 

6.0 

6.0 

6.3 

6.2 

18% 

7.4 

7.6 

7.4 

8.0 

7.6 

6.6 

5.9 

6.2 

6.0 

6.2 

32% 

7.6 

7.9 

7.3 

8.0 

7.7 

6.7 

6.0 

6.1 

5.9 

6.2 

56% 

7.8 

7.8 

7.6 

7.9 

7.8 

6.5 

6.1 

6.1 

5.8 

6.1 

100% 

7.2 

7.7 

7.9 

7.7 

7.6 

6.6 

6.3 

6.2 

5.5 

6.2 
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TABLE  15.  (CONTINUED)  -  UV  OXIDATION  TEST  NO.  1  (SALTWATER 
ORGANISMS) . 


Treat¬ 

ment 

0  H 

New 

24  H 

New 

Old 

48  H 

New 

Old 

72  H 

JJew 

Old 

96  H 

Old 

Mean 

m 

Control 

7.78 

7.88 

7.86 

8.12 

7.91 

7.39 

7.59 

8.01 

8.15 

7.79 

10% 

7.35 

7.52 

7.60 

7.56 

7.51 

7.66 

7.74 

7.73 

7.23 

7.59 

18% 

7.69 

7.82 

8.13 

7.96 

7.90 

7.52 

7.69 

7.63 

7.55 

7.60 

32% 

7.74 

7.94 

8.18 

8.03 

7.97 

7.50 

7.64 

7.58 

7.62 

7.59 

56% 

7.78 

7.96 

8.16 

8.02 

7.98 

7.53 

7.65 

7.57 

7.59 

7.59 

100% 

7.79 

7.94 

8.11 

7.91 

7.94 

7.58 

7.61 

7.54 

7.56 

7.57 

Dissolved  Oxvaen  fmq/L) 


Control 

7.0 

7.1 

7.2 

7.5 

7.2 

6.0 

6.2 

6.9 

6.4 

6.4 

10% 

7.8 

7.6 

7.1 

7.5 

7.5 

5.8 

5.1 

5.1 

4.6 

5.2 

18% 

7.5 

7.3 

7.2 

7.4 

7.4 

5.7 

4.9 

5.2 

4.6 

5.1 

32% 

7.3 

7.3 

7.3 

7.3 

7.3 

5.8 

4.7 

4.9 

4.5 

5.0 

56% 

7.8 

7.6 

7.6 

7.5 

7.6 

5.9 

5.2 

4.8 

4.5 

5.1 

100% 

8.0 

7.8 

7.8 

7.7 

7.8 

6.1 

5.9 

5.0 

4.7 

5.4 

Salinitv 

iPPtI 

Control 

19.5 

20.5 

20.0 

20.0 

20.0 

20.0 

100% 

20.5 

20.0 

21.0 

20.0 

21.0 

20.5 

TABLE  15.  (CONTINUED)  -  UV  OXIDATION  TEST  NO.  2  (FRESHWATER 
ORGANISMS) . 


Treat¬ 

ment 

0  H 

New 

24  H 

New 

Old 

48  H 

New 

Old 

72  H 
New 

Old 

96  H 

Old 

Mean 

PH 

Control 

7.67 

8.32 

8.22 

8.28 

8.12 

8.09 

8.11 

8.11 

7.85 

8.04 

10% 

7.40 

8.65 

7.53 

8.12 

7.93 

8.01 

7.90 

7.94 

7.94 

7.95 

18% 

7.67 

8.50 

7.60 

8.56 

8.08 

7.97 

7.79 

7.86 

7.80 

7.86 

32% 

7.67 

8.41 

7.74 

8.26 

8.02 

7.84 

7.66 

7.79 

7.67 

7.74 

56% 

7.55 

8.19 

7.69 

8.30 

7.93 

7.71 

7.52 

7.66 

7.55 

7.61 

100% 

7.20 

7.84 

7.50 

7.87 

7.60 

7.47 

7.39 

7.47 

7.05 

7.35 

Dissolved  Oxvaen 

Jmq/L) 

Control 

7.4 

8.2 

7.5 

7.7 

7.7 

6.2 

6.1 

6.2 

5.9 

6.1 

10% 

8.0 

8.2 

8.1 

7.9 

8.1 

6.2 

5.2 

5.4 

4.5 

5.3 

18% 

8.2 

8.3 

7.9 

7.7 

8.0 

6.2 

5.3 

5.0 

4.6 

5.3 

32% 

8.1 

8.3 

7.9 

7.7 

8.0 

5.9 

5.4 

5.2 

4.6 

5.3 

56% 

8.0 

8.3 

7.8 

7.6 

7.9 

5.7 

5.3 

5.1 

4.7 

5.2 

100% 

8.2 

8.4 

8.0 

7.9 

8.1 

6.3 

6.1 

6.0 

5.0 

5.9 
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TABLE  15 


(CONTINUED)  -  UV  OXIDATION  TEST  NO.  2  (SALTWATER 
ORGANISMS) . 


Treat¬ 

ment 

0  H 

New 

24  H 

New 

Old 

48  H 

New 

Old 

72  H 

New 

Old 

96  H 

Old 

Mean 

eh 

Control 

7.86 

8.12 

8.31 

8.19 

8.12 

8.01 

8.07 

7.99 

7.35 

7.86 

10% 

7.82 

7.77 

8.13 

8.14 

7.97 

7.84 

7.83 

7.75 

7.74 

7.79 

18% 

8.05 

7.95 

8.34 

8.38 

8.18 

7.73 

7.71 

7.61 

7.66 

7.68 

32% 

8.13 

8.03 

8.47 

8.47 

8.28 

7.65 

7.64 

7.49 

7.60 

7.60 

56% 

8.14 

8.08 

8.62 

8.60 

8.36 

7.60 

7.60 

7.76 

7.51 

7.62 

100% 

8.16 

8.07 

8.07 

8.87 

8.29 

7.54 

7.54 

7.91 

7.43 

7.61 

Dissolved  Oxvaen  fma/L^ 

Control 

7.2 

7.5 

7.4 

7.7 

7.5 

6.9 

6.8 

6.3 

5.9 

6.5 

10% 

7.6 

7.5 

7.4 

7.5 

7.5 

5.9 

5.1 

5.0 

6.0 

5.5 

18% 

7.4 

7.2 

7.3 

7.4 

7.3 

5.7 

4.9 

4.7 

5.5 

5.2 

32% 

7.3 

7.2 

7.6 

7.5 

7.4 

4.9 

4.4 

4.6 

5.8 

4.9 

56% 

7.4 

7.3 

7.9 

7.7 

7.6 

4.5 

4.1 

4.0 

5.7 

4.6 

100% 

7.3 

7.2 

8.3 

7.9 

7.7 

4.8 

4.1 

4.2 

5.9 

4.8 

Salinitv 

(PPtJ 

Control 

20.0 

20.0 

20.0 

20.0 

20.0 

20.0 

100% 

21.0 

20.0 

21.0 

21.0 

21.0 

20.8 

TABLE  15.  (CONTINUED)  -  AIR  STRIPPING  (FRESHWATER  ORGANISMS). 


Treat-  OH  24  H  48  H  72  H  96  H  Mean 

ment  New  New  New  New 

Old  Old  Old  Old 


TABLE  15.  (CONTINUED)  -  AIR  STRIPPING  (SALTWATER  ORGANISMS) 


Treat¬ 

ment 

0  H 

New 

24  H 

New 

Old 

48  H 
New 

Old 

72  H 

New 

Old 

96  H 

Old 

Mean 

EH 

Control 

8.41 

8.25 

8.40 

8.29 

8.34 

7.94 

8.06 

8.12 

8.21 

8.08 

10% 

8.28 

7.98 

8.36 

8.17 

8.20 

7.79 

7.38 

7.78 

7.51 

7.62 

18% 

8.44 

8.26 

8.39 

8.27 

8.34 

7.65 

7.41 

7.79 

7.62 

7.62 

32% 

8.51 

8.24 

8.48 

8.34 

8.39 

7.75 

7.79 

7.70 

7.58 

7.71 

56% 

8.64 

8.28 

8.56 

8.49 

8.49 

7.58 

7.91 

7.60 

7.53 

7.66 

100% 

8.97 

8.33 

9.09 

8.86 

8.81 

7.41 

7.69 

7.40 

7.21 

7.43 

Dissolved  Oxvaen 

(mg /LI 

Control 

7.9 

7.7 

7.9 

8.0 

7.9 

6.2 

5.9 

6.1 

6.2 

6.1 

10% 

8.2 

7.8 

7.9 

8.0 

8.0 

6.1 

6.0 

5.9 

6.3 

6.1 

18% 

8.3 

7.4 

7.5 

7.9 

7.8 

5.0 

5.1 

5.7 

5.9 

5.4 

32% 

7.6 

7.4 

7.6 

7.8 

7.6 

5.2 

5.3 

5.6 

5.8 

5.5 

56% 

7.4 

7.4 

7.7 

7.8 

7.6 

5.5 

5.6 

5.5 

5.6 

5.6 

100% 

7.4 

7.6 

7.7 

7.7 

7.6 

5.1 

5.2 

5.5 

5.4 

5.3 

Salinity  (wt) 

Control 

20.1 

20.0 

19.8 

19.9 

20.1 

20.0 

100% 

20.0 

20.0 

20.0 

19.8 

19.9 

19.9 
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TABLE  15.  (CONTINUED)  -  CARBON  (FRESHWATER  ORGANISMS) 


Treat¬ 

ment 

0  H 

New 

24  H 

New 

Old 

48  H 

New 

Old 

72  H 

New 

Old 

96  H 

Old 

Mean 

EH 

Control 

8.29 

8.41 

8.26 

8.35 

8.33 

8.35 

8.01 

7.99 

7.87 

8.06 

10% 

8.33 

8.08 

7.90 

8.06 

8.09 

8.54 

7.38 

7.70 

8.29 

7.98 

18% 

8.97 

9.12 

8.02 

8.09 

8.55 

8.45 

7.51 

7.63 

8.23 

7.96 

32% 

8.90 

9.11 

8.05 

8.16 

8.55 

8.43 

7.53 

7.73 

8.09 

7.95 

56% 

8.91 

9.20 

8.30 

8.39 

8.70 

8.25 

7.37 

7.55 

7.90 

7.77 

100% 

9.23 

9.68 

9.40 

9.41 

9.43 

7.74 

7.16 

7.18 

7.26 

7.34 

Dissolved  Oxvaen 

(xnq/L) 

Control 

7.9 

8.0 

7.8 

8.3 

8.0 

6.2 

6.4 

6.8 

6.5 

6.5 

10% 

8.1 

8.3 

8.1 

8.2 

8.2 

6.1 

5.9 

6.2 

6.0 

6.1 

18% 

8.3 

8.2 

8.1 

8.3 

8.2 

5.9 

5.8 

6.2 

6.1 

6.0 

32% 

8.2 

8.1 

8.3 

8.3 

8.2 

6.0 

5.7 

6.8 

6.6 

6.3 

56% 

8.2 

8.1 

8.2 

8.3 

8.2 

5.8 

5.6 

7.4 

7.0 

6.5 

100% 

8.4 

8.1 

8.3 

8.3 

8.3 

6.3 

6.1 

7.3 

7.1 

6.7 
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TABLE  15.  (CONTINUED)  -  CARBON  (SALTWATER  ORGANISMS) 


Treat¬ 

ment 

0  H 

New 

24  H 

New 

Old 

48  H 

Old 

72  H 

New 

Old 

96  H 

Old 

Mean 

EH 

Control 

8.29 

8.43 

8.25 

8.39 

8.34 

7.99 

8.11 

8.11 

8.00 

8.05 

10% 

7.57 

8.13 

8.15 

8.18 

8.01 

8.03 

7.85 

8.17 

7.76 

7.95 

18% 

8.08 

8.32 

8.24 

8.04 

8.17 

8.07 

7.81 

8.19 

7.73 

7.95 

32% 

8.16 

8.36 

8.37 

8.10 

8.25 

8.12 

7.68 

7.65 

7.68 

7.78 

56% 

8.38 

8.43 

8.54 

8.15 

8.38 

8.08 

7.73 

7.56 

7.66 

7.76 

100% 

9.03 

8.48 

9.13 

8.26 

8.73 

7.88 

7.66 

7.60 

7.45 

7.65 

Dissolved  Oxvaen 

.(mq/.Ll 

Control 

8.3 

7.5 

7.8 

7.9 

7.9 

5.9 

6.0 

6.1 

6.2 

6.1 

10% 

8.3 

7.8 

8.0 

7.9 

8.0 

6.6 

6.2 

5.7 

6.0 

6.1 

18% 

8.1 

8.0 

8.1 

7.8 

8.0 

6.5 

6.3 

5.4 

5.7 

6.0 

32% 

8.2 

8.0 

7.9 

7.8 

8.0 

6.4 

6.0 

5.5 

5.2 

5.8 

56% 

8.3 

8.1 

8,0 

7.7 

8.0 

6.8 

6,4 

6.1 

5.9 

6.3 

100% 

8.3 

8.0 

8.1 

7,9 

8.1 

6.8 

6.6 

5.9 

5.6 

6.2 

Salinitv  (wt) 

Control 

20.0 

21.0 

20.0 

20.0 

20.0 

20.2 

100% 

19.0 

18.0 

20.0 

19.0 

19.0 

19.0 
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SUMMARY 

A.  iDtrodoctioa 

At  the  request  of  Johns  Hopkins  University,  Hazleton  Washington, 
Inc.  examined  water  sample  Raw  Groundwater  for  mutagenic  activity  In  the 
Salmonella/  Hammallan-Hlcrosome  Reverse  Mutation  Assay  (Ames  Test)  Modified 
for  Direct  Water  Samples.  This  assay  evaluates  the  test  article  and/or  Its 
metabolites  for  their  ability  to  Induce  reverse  mutations  at  the  histidine 
locus  in  the  genome  of  specific  Salmonella  tvphlmurlum  tester  strains  both  In 
the  presence  and  absence  of  an  exogenous  metabolic  activation  system  of 
mammalian  microsomal  enzymes  derived  from  Aroclor- Induced  rat  liver. 

The  tester  strains  used  In  this  study  were  TA98  and  TAlOO.  The  assay  was 
conducted  using  two  plates  per  dose  level  in  the  presence  and  absence  of 
microsomal  enzymes.  Six  dose  levels  of  the  test  article,  3.00,  2.00,  1.00, 
0.500,  0.200  and  0.100  ml  per  plate,  were  tested  In  both  the  presence  and 
absence  of  S9  along  with  the  appropriate  vehicle  controls  (three  plates  per 
dose),  negative  controls  and  positive  controls. 


B.  Concipsions 

The  results  of  the  Salmons lla/Mammalian-Mlcrosome  Reverse  Mutation 
Assay  (Ames  Test)  Modified  for  Direct  Water  Samples  Indicate  that  under  the 
conditions  of  this  study,  Johns  Hopkins  University's  test  article.  Raw 
Groundwater,  did  not  cause  a  positive  increase  in  the  numbers  of  histidine 
revertants  per  plate  with  tester  strains  TA98  and  TAlOO  either  in  the  presence 
or  absence  of  microsomal  enzymes  prepared  from  Aroclor- Induced  rat  liver. 
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STUDY  INFORMATION 

A.  Sponsor:  Johns  Hopkins  University 

B.  Test  Article:  Rev  Groundwater 

1.  Physical  Description:  cloudy  orange  liquid 

2.  Date  Received:  OA/29/91 

C.  Type  of  Assay:  Salmonella/Mammallan-Mlcrosome  Reverse  Mutation 

Assay  (Modified  for  Direct  Water  Samples) 

1.  Protocol  Number:  HWA  Protocol  AOIW,  Edition  16 

2.  HWA  Study  Number:  145A4-0-401W 

D.  Study  Dates 

1.  Study  Initiation  Date:  04/29/91 

2.  Test  Initiation  In  the  Laboratory:  04/30/91 

3.  Test  Completion  In  the  Laboratory:  05/10/91 

E.  Study  Personnel 

Study  Director:  Timothy  E.  Lawlor,  M.A. 

Laboratory  Supervisor:  Michael  S.  Mecchl,  B.S. 

Technician:  Theodora  Brown 
Technician:  Sow  Hoong  Hon,  B.S. 


14544-0-401W 


8 


Al-8 


HAZLETOIX 

WASHINGTON 


SECTION  in.  MATERIALS  A  foT  METHODS 


14 544-0-40 IW 


Al-9 


HAZLETZON 

WASHINGTON 


MATERIALS  AND  METHODS 

The  experimental  materials,  methods  and  procedures  «re  based  on  those 
described  by  Ames  et  al  (1975). 

A.  Media  and  Reagents 

1.  Top  Agar  for  Selection  of  Histidine  Revertant^:  Since 
different  volumes  of  neat  water  sample  will  be  added  directly  to  the  tubes 
containing  top  agar,  it  is  necessary  to  prepare  tubes  containing  different 
concentrations  of  top  agar  components  (agar,  NaCl,  histidine  and  biotin),  such 
that  once  the  appropriate  volume  of  water  sample  has  been  added,  the  top  agar 
component  concentration  in  all  top  agar  tubes  will  be  comparable.  A  series  of 
top  agar  tubes  was  prepared  as  follows: 


Top  A«ar 
Tub« 

Top  Afar 
Cooqjonant 
Coocantratlon  (X) 

■1  of  O.SniH  Blatldlna/ 
Biotin  Solution  Addad 
par  b1  of  Top  Afar 

bI  of  SuppIOMOtod 
Top  Afftr  Addod 
por  Tub* 

b1  of  Taat 
Artlcla 

Addad  par  Tuba 

1.0  X 

A«ar 

RaCl 

0.60 

0.30 

0.07 

3.0 

0.1 

1.0  X 

A«ar 

RaCl 

0.60 

0.60 

0.07 

3.0 

0.2 

1.3  X 

A«at 

RaCl 

0.72 

0.60 

0.00 

2  3 

0.3 

2.0  X 

A«ar 

RaCl 

0.90 

0.73 

0.10 

2.0 

1.0 

3.0  X 

Afar 

Rael 

1.10 

1.30 

0.20 

1.0 

2.0 

*0  X 

Afar 

RaCl 

2.60 

2.00 

0.25 

1.0 

3.0 

2.  Minimal  Bottom  Agar:  Bottom  agar  was  Vogel-Bonner  minimal 
medium  E  (Vogel  and  Bonner,  1956),  supplemented  with  1.5%  (V/V)  agar  and  0.2% 
(W/V)  glucose. 

3.  Nutrient  Broth:  Nutrient  Broth  used  for  growing  overnight 
cultures  of  the  tester  strains  was  Vogel-Bonner  salt  solution  (Vogel  and 
Bonner,  1956)  supplemented  with  2.5%  (w/v)  Oxoid  Nutrient  Broth  No.  2  (dry 
powder) . 


4.  Exogenous  Metabolic  Activation 

a.  Liver  Microsomal  Enzymes  -  S9  Homogenate :  S9  Liver 
homogenate  for  use  in  the  mutagenicity  assay,  prepared  as  described  below,  was 
purchased  from  Molecular  Toxicology,  Inc.,  Annapolis,  MD  21401,  Batch  0327, 
37.8  mg  of  protein  per  ml. 
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1)  Species.  Strain.  Sex.  Inducer:  Liver  aicrosonal 
enzymes  were  prepared  from  male  Sprague -Dawley  rats  chat  had  been  injected 
with  Aroclor  1254  (200  mg  per  ml  in  corn  oil)  at  500  mg/lcg.  Five  days  after 
l.p.  injection  with  the  Aroclor,  the  rats  were  sacrificed  by  decapitation,  and 
their  livers  were  excised. 

2)  Homogenate  Preparation:  The  preparation  of  the 
microsomal  enzyme  fraction  was  carried  out  with  sterile  glassware  and 
solutions  at  6  ±  4*C.  The  livers  were  excised,  weighed,  and  placed  in  a 
beaker  containing  3  ml  of  0.15M  KCl  per  gram  of  wet  liver,  and  homogenized. 

The  homogenate  was  centrifuged  at  9000  x  g  for  10  minutes.  Small  aliquots  of 
the  supernatant  (referred  Co  by  Ames  as  the  S9  fraction)  were  distributed  into 
freezing  ampules  which  were  stored  at  i  -65*0. 

3)  S9  Characterization:  The  S9  homogenate  was 
characterized  (using  the  Ames  Assay)  for  its  ability  to  metabolize  selected 
promutagens  to  their  mutagenic  forms,  as  described  by  deSerres  and  Shelby 
(1979) . 

b.  S9  Mix:  The  S9  mix  was  prepared  immediately  before 
its  use  in  the  mutagenicity  assay.  One  ml  of  the  microsomal  enzyme  reaction 
mixture  (S9  mix)  contained  the  following  components: 


HjO 

0.70  ml 

l.OOM  NaHjPO^/NajHPO* ,  pH  7.4 

0.10  ml 

0.25M  Glucose*6-phosphate 

0.02  ml 

O.IOM  NADP 

0.04  ml 

0.2M  MgCl2/0.825M  KCl 

0.04  ml 

S9  Homogenate 

Q.IQ  al 

1.00  ml 

When  required,  0.5  ml  of  the  S9  mix  was  added  to  the  soft  agar  overlay  per 
plate. 

B.  Test  System 

1.  Tester  Strains 

The  tester  strains  used  were  the  Salmonella  tvphimurlum 
histidine  auxotrophs  TA98  and  TAIOO  as  described  by  Ames  et  al  (1975) . 


TESTER  STRAIN  GENOTYPES 


_ Histidine  Mutation _ 

Additional 

Kutations 

hisG46 

hisD30S2 

LPS  Repair 

R  Factor 

_ TAIOQ _ 

_ TA98 

_ Lfa _ uvrB 

_ ±B _ 
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In  addition  to  a  mutation  In  the  histidine  operon,  the  tester  strains  contain 
two  additional  mutations  which  enhance  their  sensitivity  to  some  mutagenic 
compounds.  The  rfa  wall  mutation  results  In  the  loss  of  one  of  the  enzymes 
responsible  for  the  synthesis  of  part  of  the  llpopolysaccharlde  barrier  that 
forms  the  surface  of  the  bacterial  cell  wall.  The  resulting  cell  wall 
deficiency  Increases  permeability  to  certain  classes  of  chemicals  such  as 
those  containing  large  ring  systems  (l.e.  benzo(a)pyrene)  that  would  otherwise 
be  excluded  by  a  normal  Intact  cell  wall. 

The  second  mutation,  a  deletion  of  the  uvyB  gene,  results  In  a  deficient  DNA 
excision  repair  system  which  greatly  enhances  the  sensitivity  of  these  strains 
to  some  mutagens.  Since  the  uvrB  deletion  extends  through  the  bio  gene,  all 
of  the  tester  strains  containing  this  deletion  also  require  the  vitamin  biotin 
for  growth. 

Strains  TA98  and  TAlOO  also  contain  the  R-factor  plasmid,  pKMlOl,  which 
further  increases  the  sensitivity  of  these  strains  to  some  mutagens.  The 
mechanism  by  which  this  plasmid  Increases  sensitivity  to  mutagens  has  been 
suggested  to  be  by  modifying  an  existing  bacterial  DNA  repair  polymerase 
complex  Involved  with  the  mismatch-repair  process. 

Tester  strain  TA98  Is  reverted  from  histidine  dependence  (auxotrophy)  to 
histidine  Independence  (prototropy)  by  frameshlft  mutagens.  Tester  strain 
TAlOO  Is  reverted  by  mutagens  which  cause  both  frameshlfts  and  base 
substitutions . 


a.  Source  of  Tester  Strains:  The  tester  strains  In  use  at  HWA 
were  received  directly  from  Dr.  Bruce  Ames,  Department  of  Biochemistry, 
University  of  California,  Berkeley. 

b.  Storage  of  the  Tester  Strains 

1)  Frozen  Permanent  Stocks:  Frozen  permanent  stocks  were 
prepared  by  growing  fresh  overnight  cultures,  adding  DMSO  (0.09  ml/ml  of 
culture)  and  freezing  small  aliquots  (approximately  0.5  -  1.5  ml)  at  ^-6S*C. 

2)  Master  Plates:  Master  plates  were  prepared  by 
streaking  each  tester  strain  from  a  frozen  permanent  stock  onto  minimal  agar 
appropriately  supplemented  with  histidine  (260  pM) ,  biotin  (3  fM) ,  and 
amplclllin  (25  ftg/al) .  Tester  strain  master  plates  were  stored  at  6  >  4*C. 

c.  Preparation  of  Overnight  Cultures:  Overnight  cultures  were 
prepared  by  transferring  a  colony  from  the  appropriate  master  plate  to  a  flask 
containing  culture  medium.  In  order  to  assure  that  cultures  were  harvested  in 
late  log  phase,  the  length  of  Incubation  was  determined  by  spec tropho tome trie 
monitoring.  Inoculated  flasks  were  placed  In  a  shaker/incubator  which  was 
programmed  to  begin  operation  (shaking,  125  ±  25  rpm;  Incubation,  37  ±  2*C)  so 
that  the  overnight  cultures  were  In  log  phase  or  late  log  phase  when  turbidity 
monitoring  began.  Cultures  were  harvested  once  a  predetermined  turbidity  was 
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reached  as  determined  by  a  percent  transmittance  (%T)  reading  on  a 
spectrophotometer.  Overgrowth  of  cultures  can  result  in  their  loss  of 
sensitivity  to  some  mutagens.  Cultures  were  removed  from  incubation  when  the 
target  %T  was  reached. 

d.  Confirmation  of  Tester  Strain  Genotypes:  Tester  strain 
cultures  were  checked  for  the  following  genetic  markers  on  the  day  of  their 
use  irf  the  mutagenicity  assay; 

1)  rfa  Wall  Mutation:  The  presence  of  the  rfa  wall 
mutation  was  confirmed  by  demonstration  of  sensitivity  to  crystal  violet.  An 
aliquot  of  an  overnight  culture  of  each  strain  was  overlaid  onto  plates 
containing  selective  media  and  an  antibiotic  sensitivity  disk  containing  10  fig 
of  crystal  violet  was  added.  Sensitivity  was  demonstrated  by  Inhibition  of 
bacterial  growth  In  a  zone  Immediately  surrounding  the  disk. 

2)  oKMlOl  Plasmid  R- factor:  The  presence  of  the  pKMlOl 
plasmid  was  confirmed  for  tester  strains  TA98  and  TAlOO  by  demonstration  of 
resistance  to  ampiclllln.  An  aliquot  of  an  overnight  culture  of  each  strain 
was  overlaid  onto  plates  containing  selective  media  and  an  antibiotic 
sensitivity  disk  containing  10  fig  of  amplcillin  was  added.  Resistance  was 
demonstrated  by  bacterial  growth  In  the  zone  Immediately  surrounding  the  disk. 

3)  Characteristic  Number  of  Spontaneous  Revertants:  The 
mean  number  of  spontaneous  revertants  per  plate  In  the  vehicle  controls  that 
are  characteristic  of  the  respective  strains  were  demonstrated  by  plating 
100  /il  aliquots  of  the  culture  along  with  3.00  ml  of  deionized  water  on 
selective  media. 

C.  Experimental  Design 

1 .  Mutagenicity  Assay 

The  mutagenicity  assay  was  performed  using  tester  strains 
TA98  and  TAlOO,  both  In  the  presence  and  absence  of  microsomal  enzymes  (S9 
mix).  Six  dose  levels  of  the  test  article,  3.00,  2.00,  1.00,  0.50,  0.20  and 
0.10  ml  per  plate,  were  tested  along  with  the  appropriate  vehicle,  negative, 
and  positive  controls  as  specified  by  the  New  Jersey  Department  of 
Environmental  Protection.  If  the  test  article  exhibited  toxicity  In  the  assay 
In  two  or  more  doses,  the  assay  would  be  repeated  at  lower  concentrations. 

a.  Frequency  and  Route  of  Administration:  The  test 
system  was  exposed  to  the  test  article  via  the  plate  incorporation  methodology 
originally  described  by  Ames  et  al  (1975)  and  Haron  and  Ames  (1983).  This 
methodology  has  been  shown  to  detect  a  wide  range  of  classes  of  chemical 
mutagens.  All  dose  levels  of  test  article,  negative  controls,  and  positive 
controls  were  plated  In  duplicate  and  the  vehicle  controls  were  plated  In 
triplicate . 
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D.  Controls 


1 .  Positive  Controls 

Combinations  of  positive  controls  and  tester  strains  plated 
concurrently  with  the  assay  are  listed  below. 

POSITIVE  CONTROL  AND  TESTER  STRAIN  COMBINATIONS 


Tester 

Strain  S9  Mix  fo^ibiye 


Cone. 
per  Plate 


TA98 

+ 

2-affllnoanthracene 

TA98 

- 

2-nltrofluorene 

TAlOO 

+ 

2  - amlnoanthracene 

TAlOO 

- 

sodium  azide 

2.5  iig 

1.0  pg 

2.5  Mg 

2.0  Mg 


a.  Source  and  Grade  of  Positive  Control  Articles: 
2-amlnoanthracene  (CAS  #613-13-8),  Sigma  Chemical  Co.,  practical  grade; 
2-nltrofluorene  (CAS  #607-57-8),  Aldrich  Chemical  Co.,  98%;  sodium  azide  (CAS 
#26628-22-8),  Sigma  Chemical  Co.,  practical  grade. 


2 .  Vehicle  Controls 


Sterilized  deionized  water  (HVA  Batch  #193)  vehicle  controls 
were  plated  for  both  tester  strains  in  the  presence  and  absence  of  S9.  The 
vehicle  controls  consisted  of  a  3.0  ml  aliquot  of  deionized  water  (equal  to 
the  maximum  aliquot  of  test  article  plated) ,  along  with  an  aliquot  of  the 
appropriate  tester  strain  and  an  aliquot  of  S9  mix  (when  appropriate),  plated 
on  selective  agar. 


3 .  Negative  Controls 

Negative  controls  were  plated  for  both  tester  strains  In  the 
presence  and  absence  of  S9.  The  negative  controls  consisted  of  an  aliquot  of 
the  appropriate  tester  strain  and  S9  mix  (when  appropriate) ,  plated  on 
selective  agar. 

4.  Sterility  Contj:^JU 

a.  S9  Mix  Sterility  Determination:  In  order  to  determine 
the  sterility  of  the  S9  mix,  a  0.5  ml  aliquot  was  plated  on  selective  agar. 

E.  Plating  Procedures 

The  plating  procedures  employed  are  similar  to  those  described  by 
Ames  et  al  (197S). 
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1.  Test  System  Identification 

Each  plate  was  labeled  with  a  code  systea  which  identified 
Che  test  article,  tester  strain,  test  phase,  dose  level,  and  activation 
condition. 

2 .  Test  Article  Plating  Procedure 

The  S9  mix  was  prepared  Immediately  before  Its  use  in  the 
experimental  procedure.  An  aliquot  of  tester  strain  (100  pi),  the  appropriate 
volume  of  vehicle  or  neat  test  article,  and  0.5  ml  of  S9  mix  (when  necessary) 
were  added  to  an  appropriate  amount  and  concentration  of  molten  selective  top 
agar  (See  III.A.l.)  held  in  a  13  x  100  mm  test  tube  at  45  ±  2*C.  After 
vorcexing,  the  mixture  was  overlaid  onto  the  surface  of  25  ml  of  minimal 
bottom  agar  contained  in  a  15  x  100  mm  petri  dish.  After  the  overlay  had 
solidified,  the  plates  were  Inverted  and  incubated  for  48+8  hours  at 
37  ±  2*C. 

F.  Scoring  PlatW 

Plates  which  were  not  scored  immediately  after  the  48+8  hour 
incubation  period  were  held  at  6  +  4*C  until  such  time  that  scoring  could 
occur . 


1.  Colony  Counting 

Revertant  colonies  for  the  negative,  vehicle,  and  test 
article  treated  plates  were  counted  by  hand.  The  positive  control  plates  were 
counted  by  automated  colony  counter. 

2.  Evaluation  of  the  Bacterial  Background  Lawn 

The  condition  of  the  background  bacterial  lawn  was  evaluated 
for  evidence  of  test  article  cytotoxicity  and  precipitate.  The  cytotoxicity 
was  scored  relative  to  the  vehicle  control  plate  and  Is  noted  along  with  the 
revertant  counts  for  all  plates  at  that  dose  level  on  the  data  tables  using 
the  code  system  presented  at  the  end  of  the  Materials  and  Methods  Section. 

3 .  Analysis  of  the  Data 

For  all  replicate  platings,  the  mean  number  of  rever tents 

per  plate  was  calculated  and  the  standard  deviation  around  the  mean  was  also 
calculated.  The  results  of  these  calculations  are  presented  in  tabular  form 
in  the  Data  Tables  Section  of  this  report. 
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G.  Criteria  for  Deienninatioa  of  a  Valid  Test 

The  following  criteria  must  be  met  for  the  assay  to  be  considered 

valid: 

1 .  Tester  Strain  Inteerltv 

a.  rfa  Wall  Mutation:  In  order  to  demonstrate  the 
presence  of  the  deep  rough  mutation,  tester  strain  cultures  must  exhibit 
sensitivity  to  crystal  violet. 

b.  pKMlOl  Plasmid  R-Factor:  In  order  to  demonstrate  the 
presence  of  the  pKMlOl  Plasmid  R-factor,  tester  strains  TA98  and  TAlOO  must 
exhibit  resistance  to  amplclllln. 


c .  Characteristic  Number  of  Spontaneous  Revertants- 
Tester  strain  cultures  must  exhibit  a  characteristic  number  of  spontaneous 
revertants  per  plate  In  the  vehicle  controls.  The  acceptable  ranges  are  as 
follows : 


TA98  8  -  60 

TAlOO  60  -  240 


d.  Tester  Strain  Titers:  In  order  to  ensure  that 
appropriate  numbers  of  bacteria  are  plated,  tester  strain  culture  titers  must 
be  greater  than  or  equal  to  S.O  x  10*  and/or  have  reached  a  target  level  of 
turbidity  demonstrated  to  produce  cultures  with  titers  greater  than  or  equal 
to  5.0  X  10*. 


e.  Positive  Control  Values:  All  positive  controls  must 
exhibit  at  least  a  three -fold  Increase  In  the  number  of  revertants  per  plate 
over  the  mean  value  for  the  vehicle  control  for  the  respective  strain. 

2. 

a.  Acceptable  Number  of  Non- toxic  Dose  Levels:  A  minimum 
of  three  non- toxic  dose  levels  are  required  to  evaluate  assay  data. 

H.  Evalpatton  of  Test  ResoUs 

1.  Tester  Strains  TA98  and  TAlOO 

For  a  test  article  to  be  considered  positive,  it  must  cause 
at  least  a  2 -fold  increase  in  the  mean  revertants  per  plate  of  at  least  one 
tester  strain  over  the  mean  vehicle  control  value  for  that  tester  strain. 

This  increase  in  the  mean  number  of  revertants  per  plate  must  be  accompanied 
by  a  dose  response  to  Increasing  concentrations  of  the  test  article. 
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ifxt  >  31  M  n  ifxt  :  wii^i «  vai  i  tv^ 


The  condition  of  the  background  bacterial  lawn  is  evaluated  both 
macroscoplcally  and  microscopically  (using  a  dissecting  microscope)  for 
indications  of  cytotoxicity  and  test  article  precipitate  as  follows: 

CODE  DEFINITION  CHARACTERISTICS  OF  BACKGROUND  LAWN 


1 

Normal 

A  healthy  microcolony  lawn. 

2 

Slightly 

Reduced 

A  noticeable  thinning  of  the  microcolony  lawn  and  an 
increase  in  the  size  of  the  microcolonies  compared  to 
the  vehicle  control  plate. 

3 

Moderately 

Reduced 

A  marked  thinning  of  the  microcolony  lawn  and  an 
increase  in  the  size  of  the  microcolonies  compared  to 
the  vehicle  control  plate. 

4 

Extremely 

Reduced 

An  extreme  thinning  of  the  microcolony  lawn  and  an 
increase  in  the  size  of  the  microcolonies  compared  to 
the  vehicle  control  plate. 

5 

Absent 

A  complete  lack  of  any  microcolony  lawn. 

6 

Obscured  by 
Precipitate 

The  background  bacterial  lawn  cannot  be  accurately 
evaluated  due  to  microscopic  and/or  macroscopic  test 
article  precipitate. 

Evidence  of  macroscopic  test  article  precipitate  on  the  plates  is  recorded  by 
addition  of  the  following  precipitate  code  to  the  code  number  used  to  evaluate 
the  condition  of  the  background  bacterial  lawn. 

SP 

Slight 

Precipitate 

Noticeable  macroscopic  precipitate  on  the  plate, 
however,  the  precipitate  does  not  influence  automated 
counting  of  the  plate. 

MP 

Moderate 

Precipitate 

The  amount  of  macroscopic  precipitate  on  the  plate 
would  Interfere  with  automated  counting,  thus, 
requiring  the  plate  to  be  hand  counted. 

HP 

Heavy 

Precipitate 

The  large  amount  of  macroscopic  precipitate  on  the 
plate  makes  the  required  hand  counting  difficult. 

Example:  A>KP  would  indicate  a  plate  observed  to  have  an  extremely  reduced 
background  lawn  which  had  to  be  counted  manually  due  to  the  marked  amount  of 
macroscopic  test  article  precipitate. 
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SECTION  IV.  RESULTS  AND  CONCLUSIONS 
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RESULTS 

A.  Test  Article  Handling 

The  water  sample,  Raw  Groundwater,  was  stored  refrigerated  at 
5  +  3*C  until  used  In  the  assay.  The  test  article  was  filter  sterilized  using 
a  0.45  pm  filter  to  remove  any  particulate  matter  and  possible  bacterial  or 
other  contaminant  that  would  Interfere  with  the  assay. 

B.  MatagenkitY  Assay 

The  dose  levels  selected  for  the  mutagenicity  assay  were  3.00, 
2.00,  1.00,  0.500,  0.200,  and  0.100  ml  of  unconcentrated  test  article  per 
plate  in  the  presence  and  absence  of  S9,  as  specified  by  the  New  Jersey 
Department  of  Environmental  Protection.  The  mutagenicity  assay  results  for 
Raw  Groundwater  are  presented  in  Tables  1  and  2.  These  data  were  generated  in 
Experiment  1A544>B2  (in  an  initial  experiment,  14544-Bl,  no  data  was  generated 
due  to  the  malfunction  of  an  Incubator) .  The  data  are  presented  as  mean 
revertants  per  plate  +  standard  deviation  for  each  treatment  and  control  group 
(Table  2}  and  as  individual  plate  counts  (Table  1). 

In  Experiment  14544-B2,  all  data  were  acceptable  and  no  positive  increases  in 
the  number  of  histidine  revertants  per  plate  were  observed. 

All  criteria  for  a  valid  study  were  met. 


CONCLUSIONS 

The  results  of  the  Salmonella/Mammalian-Microsome  Reverse  Mutation  Assay 
(Ames  Test)  Modified  for  Direct  Water  Samples  indicate  that  under  the 
conditions  of  this  study,  Johns  Hopkins  University's  test  article.  Raw 
Groundwater,  did  not  cause  a  positive  increase  in  the  number  of  histidine 
revertants  per  plate  with  tester  strains  TA98  and  TAlOO  either  in  the  presence 
or  absence  of  microsomal  enzymes  prepared  from  Aroclor* induced  rat  liver. 
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SECTION  V.  DATA  TABLES 
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TABLE  1 

INDIVIDUAL  PLATE  COUNTS 


TEST  ARTICLE  ID: 
EXPERIMENT  ID: 
DATE  PLATED: 


Raw  Groundwater 

1454A-B2 

02-May-91 


VEHICLE:  deionized  water 
DATE  COUNTED:  09 -May- 91 


DOSE /PLATE 

REVERTANTS 

TA98 

PER 

PLATE 

TAIOO 

EACICROOID 

UUfl* 

1 

2 

3 

1 

2  1 

NICSOSOHES;  Kat  Llvar 

ncATm  coimoL 

38 

33 

97 

92 

1 

VEHICLE  CONTROL 

34 

28 

28 

114 

103  94 

1 

TEST  ARTICLE 

0.100 

b1 

31 

31 

107 

91 

1 

0.200 

al 

40 

40 

114 

103 

1 

O.SOO 

al 

34 

33 

116 

107 

1 

1.00 

al 

29 

2S 

134 

139 

1 

2.00 

al 

32 

23 

113 

114 

1 

3.00 

al 

27 

20 

118 

112 

1 

POSITIVE  CONTROL 

*• 

1140 

1130 

1042 

939 

1 

mCROSOKES:  Hooa 
VECATIVB  CONTROL 

23 

13 

91 

U 

1 

VEHICLE  CONTROL 

16 

13  14 

94 

83  72 

1 

TEST  ARTICLE 

0.100 

al 

29 

13 

90 

79 

1 

0.200 

al 

32 

27 

99 

93 

1 

0.300 

al 

22 

13 

107 

91 

1 

1.00 

al 

27 

22 

102 

86 

1 

2.00 

al 

16 

12 

109 

108 

1 

3.00 

al 

24 

19 

104 

93 

1 

POSITIVE  CONTROL 

148 

113 

636 

638 

1 

**  lAM  2-aalnoaathzac«na  2.S 

TAIOO  2-«»tno«nfhr«cn«  2.2  pf/plat« 


•••  tA9* 

TAIOO 


2-aitre{luor«iia 
aodluB  aslda 


1.0  pc/plata 

2.0  pc/plata 


•  lackfroiaid  Lavn  Byaluatlon 
1  •  donal 

A  a  aatraaalp  raducaa 
ap  •  alltbt  praelpltata 


2  •  allghclp  raduc^a 
i  a  abaant 

■p  a  awdarata  praelpltata 
(raqulraa  hand  ceuat) 


3  a  Bodaratalp  taducad 
t  a  obacurad  bp  praelpltata 
bp  a  haavp  praelpltata 

(raqulraa  hiuid  eo«at) 
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SUMMARY  OF  TEST  RESULTS 


TEST  ARTICLE  ID: 
EXPERIMENT  ID: 
DATE  PLATED: 


Raw  Groundwater 
14544 -B2 
02-May-91 


VEHICLE:  deionized  water 
DATE  COUNTED:  09-May-91 


keam  uvraTAMTs  rn  fuati  iackcbooid 

UITB  STAXDASS  DEVIASIOM  LAMi* 


pose /PLATE  TAM _ TAIOO 


MEAN 

s.o. 

KEAB 

s.o. 

KICIOSOMES:  Bat  Llvar 

ITECATIVB  COKTROL 

37 

2 

99 

4 

1 

VEBICLZ  COMTBOL 

30 

3 

109 

11 

1 

TEST  ABTICLB 

0.100 

nl 

31 

0 

99 

11 

1 

0.200 

al 

*0 

0 

109 

• 

1 

0.900 

nl 

34 

1 

112 

6 

1 

1.00 

nl 

27 

3 

147 

11 

1 

2.00 

al 

29 

9 

119 

1 

1 

3.00 

nl 

24 

9 

119 

4 

1 

POSITIVE  OOHTBOL  •• 

1139 

7 

1001 

99 

1 

MICBOSOaS:  Bona 
■ESATm  CONTBOL 

10 

7 

90 

2 

1 

VEBICLB  CONTROL 

19 

1 

03 

11 

1 

TEST  ARTICLE 

0.100 

al 

21 

11 

09 

0 

1 

0.200 

nl 

30 

4 

M 

4 

1 

0.900 

al 

10 

• 

99 

11 

1 

1.00 

al 

29 

4 

94 

11 

1 

2.00 

al 

14 

3 

109 

1 

1 

3.00 

al 

22 

4 

100 

6 

1 

POSITIVE  OONTRM.  ••• 

132 

23 

697 

1 

1 

**  TAVa  2-aaineaathrACUM  2.9  Ac/pl*c« 

TAIOO  2'aalnouthrse«na  2.9  pg/plat* 


TAOe 

TAIOO 


2-i>ltzoflupma 
•ediuB  aald* 


1.0  M/plat* 
2.0  M/plata 


*  Baek«reuDd  Lawn  Bvaluatloa  Codaai 

1  •  nonaal  2  •  tllsbtlp  laducad 

A  -  aatraaalp  raduaad  9  •  abaant 

ap  •  alight  praelpltaia  ap  •  aodacata  praclpltata 

(ra^ulraa  hand  count) 


3  •  nodaratalp  raducad 
i  -  obacurad  bp  praclpltata 
bp  •  haawp  praclpltata 

(raqulraa  hand  eoiat) 
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Findings  from  the  inspections  and  final  report  review  were  reported  to 
management  and  to  the  study  director  on  the  following  dates; 


Inspection  •  Date 
Preparation  of  S9  Mix  -  05/15/91 
Final  Report  Review  -  06/12/91 


Findings  Reported 
05/15/91 
06/12/91 


Auditor 
D.  Vallace 
P.  Postal 


/lyU 

Quality  Assurance  Unit 


Date  Released 
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COMPLIANCE  AND  CERTIFICATION  STATEMENT 


The  described  study  was  conducted  in  compliance  with  the  Good  Laboratory 
Practice  regulations  as  set  forth  in  the  Code  of  Federal  Regulations 
(21  CFR  58,  40  CFR  792,  and  40  CFR  160).  To  the  best  of  the  signer’s 
knowledge,  there  were  no  significant  deviations  from  the  aforementioned 
regulations  or  the  signed  protocol  that  would  affect  the  integrity  of  the 
study  or  the  interpretation  of  the  test  results.  The  stability  of  the  test 
article  under  the  conditions  of  administration  was  the  responsibility  of  the 
Sponsor.  The  raw  data  have  been  reviewed  by  the  Study  Director,  who  certifies 
that  the  evaluation  of  the  test  article  as  presented  herein  represents  an 
appropriate  conclusion  within  the  context  of  the  study  design  and  evaluation 
criteria. 

All  test  and  control  results  presented  in  this  report  and  the  supporting  raw 
data  are  maintained  in  the  archive  files  of  the  HVA  Division  of  Molecular  and 
Cellular  Services,  5516  Nicholson  Lane,  Kensington,  Maryland  20895.  After  two 
years,  these  records  will  be  transferred  to  permanent  archives  at  Hazleton 
Washington,  Vienna,  Virginia. 


SUBMITTED  BY: 


Study  Director: 


Timothy  E./  Lawlor,  N.A. 

Microbial  Mutagenesis 

Department  of  Molecular  and  Cellular  Toxicology 


G  I2-  ?; 

Study  Completion 
Date 
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SUMM>iRY 

A.  Introdoctioo 

At  the  request  of  Johns  Hopkins  University,  Hazleton  Washington, 
Inc.  examined  an  extract  of  Che  water  sample.  Raw  Groundwater,  for  mutagenic 
activity  in  the  Salmone 11a /Mammal lan-Mlcrosome  Reverse  Mutation  Assay  (Ames 
Test)  Modified  for  XAD'2  Resin  Extracts.  This  assay  evaluates  the  test 
article  and/or  Its  metabolites  for  their  ability  to  Induce  reverse  mutations 
at  the  histidine  locus  In  the  genome  of  specific  Salmonella  tvT>hinmriii«  tester 
strains  both  In  the  presence  and  absence  of  an  exogenous  metabolic  activation 
system  of  mammalian  microsomal  enzymes  derived  from  Aroclor™- Induced  rat 
liver. 

The  tester  strains  used  In  this  study  were  TA98  and  TAIOO.  The  assay  was 
conducted  using  two  places  per  dose  level  In  Che  presence  and  absence  of 
microsomal  enzymes.  Six  dose  levels  of  Che  test  article  were  tested,  from  500 
to  12.4  fig  per  plate  In  both  the  presence  and  absence  of  S9.  Vehicle  controls 
(three  plates  per  dose),  negative  controls,  resin  controls  and  positive 
controls  were  plated  as  part  of  Che  assay. 

The  doses  tested  In  the  mutagenicity  assay  were  selected  based  on  Che  amount 
of  extractable  organics  recovered  from  the  test  article. 


ft.  Cooclosions 

The  results  of  the  Salmonella/Mammal lan-Mlcrosome  Reverse  Mutation 
Assay  (Ames  Test)  Modified  for  XAO-2  Resin  Extracts  Indicate  that  under  the 
conditions  of  this  study,  an  extract  of  Johns  Hopkins  University's  test 
article.  Raw  Groundwater,  did  cause  a  positive  increase  in  the  number  of 
histidine  revertants  per  place  with  tester  strain  TA98  In  the  presence  of  S9 
In  two  independent  trials  (3.6  and  4. S- fold).  A  positive  increase  was  also 
observed  with  tester  strain  TAIOO  In  the  presence  of  S9  (2.0-fold)  in  the 
Initial  experiment.  However,  In  the  confirmatory  assay,  this  positive 
Increase  could  not  be  reproduced.  No  positive  increases  were  observed  with 
either  tester  strain  In  the  absence  of  S9. 
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STUDY  INFORMATION 

A.  Sponsor:  Johns  Hopkins  University 

B.  Test  Article:  Rev  Groundwater 

1.  Physical  Description,  Test  Article:  cloudy  orange  liquid 

2.  Date  Received:  04/29/91 

3.  Physical  Description,  Extract:  cloudy  brown  liquid 

C.  Type  of  Assay:  Salmonella/Mammallan-Microsome  Reverse  Mutation 

Assay  (Ames  Test)  Modified  for  XAD-2  Resin 
Extracts 

1.  Protocol  Number:  HWA  Protocol  401X,  Edition  17 

2.  HWA  Study  Number:  14544-1-401X 

D.  Study  Dates 

1.  Study  Initiation  Date:  04/29/91 

2.  Experimental  Start:  05/15/91 

3.  Experimental  Termination:  06/03/91 

E.  Study  Personnel 

Study  Director:  Timothy  E.  Lawlor,  M.A. 

Laboratory  Supervisor:  Michael  S.  Mecchl,  B.S. 

Research  Assistant:  Ralph  S.  McCrea,  B.S. 

Technician:  Theodora  Brown 
Technician:  Sow  Hoong  Hon,  B.S. 
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MATERIALS  AND  METHODS 

The  experimental  materials,  methods  and  procedures  are  based  on  those 
described  by  Ames  et  al  (1975). 

MATERIALS 

A.  Testy  strain} 

The  tester  strains  used  were  the  Salmonella  tvphlmurlum  histidine 
auxotrophs  TA98  and  TAlOO  as  described  by  Ames  et  al  (19'^5).  The  specific 
genotypes  of  these  strains  are  shown  In  Table  1. 


TABLE 

1 .  TESTER 

STRAIN 

GENOTYPES  1 

Histidine 

Mutation 

Additional 

Mutations 

hlsG46 

hlsD3052 

LPS 

Repair 

R  Factor 

TAlOO 

TA98 

Til 

uvrB 

+R 

In  addition  to  a  mutation  In  the  histidine  operon,  the  tester  strains  contain 
two  additional  mutations  which  enhance  their  sensitivity  to  some  mutagenic 
compounds.  The  rfa  wall  mutation  results  In  the  loss  of  one  of  the  enzymes 
responsible  for  the  synthesis  of  part  of  the  llpopolysaccharlde  barrier  that 
forms  the  surface  of  the  bacterial  cell  wall.  The  resulting  cell  wall 
deficiency  Increases  permeability  to  certain  classes  of  chemicals  such  as 
those  containing  large  ring  systems  (l.e.  benzo(a)pyrene)  that  would  otherwise 
be  excluded  by  a  normal  Intact  cell  wall. 

The  second  mutation,  a  deletion  of  the  uvrB  gene,  results  In  a  deficient  DNA 
excision  repair  system  which  greatly  enhances  the  sensitivity  of  these  strains 
to  some  mutagens.  Since  the  uvrB  deletion  extends  through  the  bio  gene,  all 
of  the  tester  strains  containing  this  deletion  also  require  the  vitamin  biotin 
for  growth. 

Strains  TA98  and  TAlOO  also  contain  the  R- factor  plasmid,  pKMlOl,  which 
further  increases  the  sensitivity  of  these  strains  to  some  mutagens.  The 
mechanism  by  %rhich  this  plasmid  Increases  sensitivity  to  mutagens  has  been 
suggested  to  be  by  modifying  an  existing  bacterial  DNA  repair  polymerase 
complex  involved  with  the  mismatch-repair  process. 

Tester  strain  TA98  is  reverted  from  histidine  dependence  (auxctrophy)  to 
histidine  independence  (prototropy)  by  frameshift  mutagens.  Tester  strain 
TAlOO  is  reverted  by  mutagens  which  cause  both  frameshlfts  and  base 
substitutions. 

14544-1-AOlX  10 


A2-10 


HAZLETON 

WASHINGTON 


1 .  Source  of  Tester  Strains 

The  tester  strains  In  use  at  HVA  were  received  directly  from 
Dr.  Bruce  Ames,  Dept,  of  E lochenlstry ,  University  of  California,  Berkeley. 

2 .  Storaze  of  the  Tester  Strains 

a.  Frozen  Permanent  Stocks 

Frozen  permanent  stocks  were  prepared  by  growing  fresh 
overnight  cultures,  adding  DMSO  (0.09  ml/ial  of  culture)  and  freezing  small 
aliquots  (approximately  0.5  -  1.5  ml)  at  S-70*C. 

b.  Master  Plates 

Master  plates  were  prepared  by  streaking  each  tester 
strain  from  a  frozen  permanent  stock  onto  minimal  agar  appropriately 
supplemented  with  histidine  (260  ,<iM) ,  biotin  (3  ^M) ,  and  for  strains 
containing  the  R- factor,  amplclllln  (25  pg/ml) .  Tester  strain  master  plates 
were  stored  at  5  ±  3*C. 

3 .  Preparation  of  Crvc..nlght  Cultures 

a.  Inoculation 

Overnight  cultures  for  use  In  all  testing  procedures 
were  Inoculated  by  transferring  a  colony  from  the  appropriate  master  plate  to 
a  flask  containing  culture  medium.  Inoculated  flasks  were  placed  in  a 
shaker/incubator  which  was  programmed  to  begin  operation  (shaking,  125  ±  25 
rpm;  Incubation,  37  ±  2*C)  so  that  the  overnight  cultures  were  in  log  phase  or 
late  log  phase  when  turbidity  monitoring  began. 

b.  Harvest 

To  ensure  that  cultures  were  harvested  In  late  log 
phase,  the  length  of  Incubation  was  determined  by  spectrophotometrlc 
monitoring  of  culture  turbidity.  Cultures  were  harvested  once  a  predetermined 
turbidity  was  reached  as  determined  by  a  percent  transmittance  (%T)  reading  on 
a  spectrophotometer.  This  target  turbidity  ensures  that  cultures  have  reached 
a  density  of  at  least  0.5  X  10*  cells  per  ml  and  that  the  cultures  have  not 
overgrown.  Overgrown  (stctlonary)  cultures  may  eyhlblt  decreased  sensitivity 
to  some  mutagens.  Cultures  were  removed  from  Incubation  when  the  target  %T 
was  reached  and  were  placed  at  5  ±  3*C. 

A.  Confirmation  of  Tester  Strain  Genotypes 

Tester  strain  cultures  were  checked  for  the  following 
genetic  markers  on  the  day  of  their  use  In  the  mutagenicity  assay: 
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a.  rfa  Vail  Mutation 

The  presence  of  the  rfa  wall  mutation  was  confirmed  by 
demonstration  of  the  cultures  sensitivity  to  crystal  violet.  An  aliquot  of  an 
overnight  culture  of  each  strain  was  overlaid  onto  plates  containing  selective 
media  and  an  antibiotic  sensitivity  disk  containing  10  pg  of  crystal  violet 
was  added.  Sensitivity  was  demonstrated  by  inhibition  of  bacterial  growth  in 
a  zone  Immediately  surrounding  the  disk. 

b.  pKMlOl  Plasmid  R- factor 

The  presence  of  the  pKMlOl  plasmid  was  confirmed  for 
tester  strains  TA98  and  TAIOO  by  demonstration  of  resistance  to  aapicillin. 

An  aliquot  of  an  overnight  culture  of  each  strain  was  overlaid  onto  plates 
containing  selective  media  and  an  antibiotic  sensitivity  disk  containing  10  ^g 
of  ^unpicillin  was  added.  Resistance  was  demonstrated  by  bacterial  growth  in 
the  zone  Immediately  surrounding  the  disk. 

c.  Characteristic  Number  of  Spontaneous  Revertants 

The  mean  number  of  spontaneous  revertants  per  plate  in 
the  vehicle  controls  that  are  characteristic  of  the  respective  strains  were 
demonstrated  by  plating  100  >il  aliquots  of  the  culture  along  with  the 
appropriate  vehicle  on  selective  media. 

5.  Tester,  $trAin 

a.  Culturing  Broth 

The  broth  used  to  grow  overnight  cultures  of  the 
tester  strains  was  Vogel-Bonner  salt  solution  supplemented  with  2.5%  (w/v) 
Oxoid  Nutrient  Broth  No.  2  (dry  powder). 

b.  Agar  Plates 

Bottom  agar  (25  ml  per  15  x  100  mm  petrl  dish)  was 
Vogel-Bonner  minimal  medium  E  (Vogel  and  Bonner,  1956),  supplemented  with  1.5% 
(U/V)  agar  and  0.2%  (V/V)  glucose. 

c.  Overlay  Agar  for  Selection  of  Histidine  Revertants 

Overlay  (top)  agar  was  prepared  with  0.7%  agar  (V/V) 
and  0.5%  NaCl  (V/V)  and  was  supplemented  with  10  ml  of  0.5  mM  histldine/blotin 
solution  per  100  ml  agar.  Vhen  S9  mix  is  required,  2.0  ml  of  the  supplemented 
top  agar  is  used  in  the  overlay.  However,  when  S9  is  not  required,  water  Is 
added  to  the  supplemented  top  agar  (0.5  ml  of  water  per  2  ml  of  supplemented 
top  agar)  and  the  resulting  2.5  ml  of  diluted  supplemented  top  agar  is  used 
for  the  overlay.  This  dilution  ensures  that  the  final  top  agar  and  amino  acid 
concentrations  remain  the  same  both  in  the  presence  and  absence  of  S9. 
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Lirer  Microsomal  Enzyme  Reactton 


ire  (S^  Mix) 


1.  S9  HomoEenate 


Liver  microsomal  enzymes  (S9  homogenate)  were  purchased  from 
Molecular  Toxicology,  Inc.,  Annapolis,  MD  20401,  Batch  0327  (37.8  mg  of 
protein  per  ml) .  The  homogenate  was  prepared  from  male  Sprague -Dawley  rats 
that  had  been  injected  (l.p.)  with  Aroclor*  1254  (200  mg  per  ml  in  corn  oil) 
at  500  mg/kg  as  described  by  Ames  et  al,  1975. 


2.  S9  Mix 


The  S9  mix  was  prepared  immediately  prior  to  its  use  in  any 
experimental  procedure.  The  S9  mix  contained  the  components  indicated  in 
Table  2. 


TABLE  2.  S9  MIX  COMPONENTS 


HjO 

0.70  ml 

IM  NaHjPO^/NajHPO^,  pH  7.4 

0.10  ml 

0.25M  Glucose-6-phosphate 

0.02  ml 

O.IOM  NADP 

0.04  ml 

0.825M  KC1/0.2N  MgCl, 

0.04  ml 

S9  Homogenate 

QASUaX 

1.00  ml 

C  Controls 

1.  Vehicle  Controls 

Dimethylsulfoxlde  (DMSO,  CAS#  67-68-5,  Sigma  Chemical  Co., 
Lot  30H0608,  99+%)  vehicle  controls  were  plated  for  both  tester  strains  in  the 
presence  and  absence  of  S9.  The  vehicle  control  was  plated,  using  a  50 
aliquot  of  DMSO  (equal  to  the  maximum  aliquot  of  test  article  dilution 
plated) ,  along  with  a  100  ^1  aliquot  of  the  appropriate  tester  strain  and  a 
500  aliquot  of  S9  (when  necessary),  on  selective  agar. 

2 .  Negative  Controls 

Negative  controls  were  plated  for  both  tester  strains  in  the 
presence  and  absence  of  S9.  The  negative  controls  consisted  of  a  100  fil 
aliquot  of  the  appropriate  tester  strain  and  S9  (when  appropriate)  plated  on 
selective  agar. 
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3.  Resin  Controls 

Resin  controls  were  plated  for  both  tester  strains  In  the 
presence  and  absence  of  S9,  only  In  the  Initial  assay.  A  sanple  of  deionized 
water  was  extracted  and  concentrated  using  the  same  XAD-2  resin  adsorption 
procedure  used  for  the  test  article.  The  resin  control  was  tested  at  a  single 
concentration.  The  resin  controls  consisted  of  a  50  pi  aliquot  of  the  resin 
control  extract,  a  100  pi  aliquot  of  tester  strain  and  an  aliquot  of  S9  (when 
appropriate)  plated  on  selective  agar. 

4.  Positive  Controls 

The  combinations  of  positive  controls,  activation  condition 
and  tester  strains  plated  concurrently  with  the  assay  are  indicated  in 
Table  3. 


TABLE 

3.  POSITIVE  CONTROLS 

Tester 

Cone. 

Strain 

S9  Mix 

Positive  Control 

per  Plate 

TA98 

+ 

2 - amlnoanthracene 

2.5  pg 

TA98 

- 

2-nltrofluorene 

1.0  pg 

TAlOO 

+ 

2-amlnoanthracene 

2.5  pg 

TAlOO 

- 

sodium  azide 

2.0  pg 

a.  Source  and  Grade  of  Positive  Control  Articles 

2-amlnoanthracene  (CAS  #613*13-8),  Sigma  Chemical  Co., 
practical  grade;  2-nltrofluorene  (CAS  #607-57-8),  Aldrich  Chemical  Co.,  98%; 
sodium  azide  (CAS  #26628-22-8),  Sigma  Chemical  Co.,  practical  grade. 

5.  Sterility  Controls 

a.  S9  Mix 

The  S9  mix  was  checked  for  sterility  by  plating  0.5  ml 

on  selective  agar. 

METHODS 

A.  Motayenkitr  Assay 

1. 

The  assay  was  p'^  formed  using  tester  strains  TA98  and  TAlOO 
both  in  the  presence  and  absence  ot  S9  mix.  Six  dose  levels  of  the  test 
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article  extract  were  tested  along  with  the  appropriate  vehicle,  negative, 
resin  and  positive  controls.  The  dose  levels  tested  were  selected  based  on 
the  amount  of  extractable  organics  recovered  in  the  extraction  procedure. 

2 .  Frequency  and  Route  of  Administration 

The  tester  strains  were  exposed  to  the  test  article  via  the 
plate  incorporation  methodology  originally  described  by  Ames  et  al  (1975)  and 
Maron  and  Ames  (1983).  This  methodology  has  been  shown  to  detect  a  vide  range 
of  classes  of  chemical  mutagens.  In  the  plate  incorporation  methodology,  the 
test  article,  the  tester  strain  and  the  S9  mix  (where  appropriate)  are 
combined  in  molten  agar  which  is  overlaid  onto  a  minimal  agar  plate. 

Following  incubation  at  37  ±  2*C  for  48  ±  8  hr,  revertant  colonies  will  be 
counted.  All  dose  levels  of  test  article,  negative  controls,  resin  controls 
and  positive  controls  were  plated  in  duplicate,  and  the  vehicle  controls  were 
plated  in  triplicate. 

B.  Plmtiny  Procedures 

Each  plate  was  labeled  with  a  code  which  identified  the  test 
article,  test  phase,  tester  strain,  activation  condition  and  dose  level.  The 
S9  mix  and  dilutions  of  the  test  article  were  prepared  immediately  prior  to 
their  use. 

When  S9  mix  was  not  required,  100  /il  of  tester  strain  and  50  /ul  of  vehicle  or 
test  article  dose  was  added  to  2.5  ml  of  molten  selective  top  agar  (maintained 
at  45  ±  2*C).  When  S9  mix  was  required,  500  /tl  of  S9  mix,  100  >il  of  tester 
strain  and  50  pi  of  vehicle  or  test  article  dose  was  added  to  2.0  ml  of  molten 
selective  top  agar.  After  the  required  components  had  been  added,  the  mixture 
was  vortexed  and  overlaid  onto  the  surface  of  25  ml  of  minimal  bottom  agar 
contained  In  a  15  x  100  mm  petri  dish.  After  the  overlay  had  solidified,  the 
plates  were  Inverted  and  Incubated  for  48  ±  8  hr  at  37  ±  2*C.  Positive 
controls  and  the  resin  control  were  plated  using  a  50  pi  plating  aliquot. 

C  Scoring  the  Platca 

Plates  which  were  not  evaluated  immediately  following  the 
Incubation  period  were  held  at  5  ±  3*C  until  such  time  that  colony  counting 
and  bacterial  background  lawn  evaluation  could  take  place. 

1.  Bacterial  Background  Lawn  Evaluation 

The  condition  of  the  bacterial  background  lawn  was  evaluated 
for  evidence  of  cytotoxicity  and  test  article  precipitate.  Evidence  of 
cytotoxicity  was  scored  relative  to  the  vehicle  control  plate  and  was  recorded 
along  with  the  revertant  counts  for  all  plates  at  that  dose  level  on  the  data 
tables  using  the  code  system  presented  at  the  end  of  the  Materials  and  Methods 
Section. 
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2.  Counting  Revertant  Colonies 

The  number  of  revertant  colonies  per  plate  for  the  vehicle 
controls  and  all  plates  containing  test  article  were  counted  manually.  The 
number  of  revertant  colonies  per  plate  for  the  positive  controls  were  counted 
by  automated  colony  counter. 

D.  Analysis  of  DaU 

For  all  replicate  platings,  the  mean  revertants  per  plate  and  the 
standard  deviation  were  calculated.  The  results  of  these  calculations  are 
presented  in  tabular  form  In  the  Data  Tables  Section  of  this  report. 

EVALUATION  OF  TEST  RESULTS 

Before  assay  data  can  be  evaluated,  the  criteria  for  a  valid  assay  must 
be  met. 

A.  Criteria  For  A  Valid  Assay 

The  following  criteria  are  used  to  determine  a  valid  assay; 

1.  Tester  Strain  Integrity 

«•  rfa  Wall  Mutation 

To  demonstrate  the  presence  of  the  rfa  wall  mutation, 
tester  strain  cultures  must  exhibit  sensitivity  to  crystal  violet. 

b.  pKMlOl  Plasmid 

To  demonstrate  the  presence  of  the  R- factor  plasmid, 
pKMlOl,  cultures  of  tester  strains  TA98  and  TAlOO  must  exhibit  resistance  to 
ampicillin. 

c.  Characteristic  Number  of  Spontaneous  Revertants 

To  demonstrate  the  requirement  for  histidine,  the 
tester  strain  cultures  must  exhibit  a  characteristic  number  of  spontaneous 
revertants  per  plate  when  plated  along  with  the  vehicle  under  selective 
conditions.  The  acceptable  ranges  for  the  vehicle  controls  are  as  follows: 

TA98  8  •  60 

TAlOO  60  -  240 
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To  demonstrate  that  appropriate  numbers  of  bacteria 
are  plated,  the  density  of  tester  strain  cultures  must  be  greater  than  or 
equal  to  0.5  x  10’  bacteria  per  ml  and/or  have  reached  a  target  level  of 
turbidity  demonstrated  to  produce  cultures  with  a  density  greater  than  or 
equal  to  0.5  x  10’  bacteria  per  ml. 

e.  Positive  Control  Values 

(1)  Positive  Control  Values  in  the  Absence  of  S9  Mix 

To  demonstrate  that  the  tester  strains  are 
capable  of  identifying  a  mutagen,  the  mean  value  of  a  positive  control  for  a 
respective  tester  strain  must  exhibit  at  least  a  3 -fold  increase  over  the  mean 
value  of  the  vehicle  control  for  that  strain. 

(2)  Positive  Control  Values  in  the  Presence  of  S9  Mix 

(S9  Mix  Integrity) 

To  demonstrate  that  the  S9  mix  Is  capable  of 
metabolizing  a  promutagen  to  its  mutagenic  form(s) ,  the  mean  value  of  the 
positive  control  for  a  respective  tester  strain  in  the  presence  of  the  S9  mix 
must  exhibit  at  least  a  3- fold  increase  over  the  mean  value  of  the  vehicle 
control  for  that  strain. 

An  acceptable  positive  control  in  the  presence  of  S9  for  a  specific  strain 
will  be  evaluated  as  having  demonstrated  both  the  integrity  of  the  S9  mix  and 
the  ability  of  the  tester  strain  to  detect  a  mutagen. 

2.  Cytotoxicity 

A  minimum  of  three  non-toxic  dose  levels  will  be  required  to 
evaluate  assay  data. 

B.  Criteria  For  A  Positive  Response 

Once  the  criteria  for  a  valid  assay  have  been  met,  responses 
observed  in  the  assay  are  evaluated  as  follows: 

1.  Tester  Strains  TA98  and  TAlOO 

For  a  test  article  to  be  considered  positive,  it  must 
produce  at  least  a  2 -fold  increase  in  the  mean  revertants  per  plate  of  at 
least  one  of  these  tester  strains  over  the  mean  revertants  per  plate  of  the 
appropriate  vehicle  control.  This  increase  in  the  mean  number  of  revertants 
per  plate  must  be  accompanied  by  a  dose  response  to  increasing  concentrations 
of  the  test  article. 
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RECORDS  TO  BE  MAINTAINED 

All  raw  data,  reports,  protocols  and  oodiflcatlons  will  be  maintained  by 
the  Department  of  Molecular  and  Cellular  Toxicology  of  HUA  for  a  period  of  up 
to  two  years  following  submission  of  the  final  report  to  the  Sponsor.  After 
two  years,  all  raw  data  and  reports  will  be  transferred  to  the  HUA  archives 
for  permanent  storage. 
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The  condition  of  the  background  bacterial  lavm  is  evaluated  both 
macroscopically  and  microscopically  (using  a  dissecting  microscope)  for 
indications  of  cytotoxicity  and  test  article  precipitate  as  follows: 

CODE  DEFINITION  CHARACTERISTICS  OF  BACKGROUND  Ij»lVN 


1 

Normal 

A  healthy  microcolony  lawn. 

2 

Slightly 

Reduced 

A  noticeable  thinning  of  the  microcolony  lawn  and  an 
increase  in  the  size  of  the  microcolonies  compared  to 
the  vehicle  control  plate. 

3 

Moderately 

Reduced 

A  marked  thinning  of  the  microcolony  lawn  and  an 
increase  in  the  size  of  the  microcolonies  compared  to 
the  vehicle  control  plate. 

4 

Extremely 

Reduced 

An  extreme  thinning  of  the  microcolony  lawn  and  an 
Increase  in  the  size  of  the  microcolonies  compared  to 
the  vehicle  control  plate. 

5 

Absent 

A  complete  lack  of  any  microcolony  lawn. 

6 

Obscured  by 
Precipitate 

The  background  bacterial  lawn  cannot  be  accurately 
evaluated  due  to  microscopic  and/or  macroscopic  test 
article  precipitate. 

Evidence  of  macroscopic  test  article  precipitate  on  the  plates  is  recorded  by 
addition  of  the  following  precipitate  code  to  the  code  number  used  to  evaluate 
the  condition  of  the  background  bacterial  lawn. 

SP 

Slight 

Precipitate 

Noticeable  macroscopic  precipitate  on  the  plate, 
however,  the  precipitate  does  not  influence  automated 
counting  of  the  plate. 

MP 

Moderate 

Precipitate 

The  amount  of  macroscopic  precipitate  on  the  plate 
would  interfere  with  automated  counting,  thus, 
requiring  the  plate  to  be  hand  counted. 

HP 

Heavy 

Precipitate 

The  large  amount  of  macroscopic  precipitate  on  the 
plate  makes  the  required  hand  counting  difficult. 

Example:  4-MP  would  indicate  a  plate  observed  to  have  a»i  extremely  reduced 
background  lawn  which  had  to  be  counted  manually  due  to  the  marked  amount  of 
macroscopic  test  article  precipitate. 
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SECTION  IV.  RESULTS  AND  CONCLUSIONS 
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RESULTS 

A.  Test  Article  Handling 

The  water  sample,  Raw  Groundwater,  was  held  at  5  +  3*C  until 
extracted  and  concentrated  by  the  XAD-2  resin  adsorption  as  described  in  the 
■Environmental  Water  Sample  Processing  Protocol  No.  12,  October,  1989. ■ 

The  test  article  (29.2  liters)  was  passed  through  XAD-2  resin  and  solvent 
exchanged  to  dimethylsulfoxlde  (DMSO)  using  the  procedure  described  below. 
Deionized  water  (A8  liters)  was  also  processed  in  the  same  manner  as  an 
internal  control  for  the  extraction  procedure  (resin  control). 

A  chromatographic  column  (22  mm  I.D.)  was  slurry-packed  with  15  g  of  XAD-2 
resin  and  washed  with  acetone  (CAS#  67-64-1,  Fisher  Scientific,  Lot  900324) 
and  water.  All  extraction  procedures  were  performed  at  5  ±  3*C.  The  test 
article  was  passed  through  the  XAD-2  column  using  gravity  flow  at  a  rate  of  60 
to  80  drops/min.  Material  adsorbed  to  the  column  was  eluted  with  acetone  and 
methylene  chloride  (CAS#  75-09-2,  Fisher  Scientific,  Lot  890625).  The  eluate 
was  reduced  in  volume  using  a  rotary  evaporator.  Duplicate  aliquots  of  the 
concentrate  were  transferred  to  tared  aluminum  weighing  dishes,  the  solvent 
allowed  to  evaporate  off,  and  the  amount  of  material  extracted  from  the  water 
samples  determined  gravlmetrically .  The  remainder  of  the  extract  was  solvent 
exchanged  Into  0.5  ml  dimethylsulfoxlde  (DMSO,  CAS#  67-68-5,  Sigma  Chemical 
Co.,  Lot  30H0608,  99+%). 


Extractable  Organics 


Sample  Volume 

Raw  Groundwater  29.2  Liters 

Resin  Control  (deionized  water)  48  Liters 


Extractives 
m^/0.5  ml 

13.5 


0.0 


B.  Pose  SelectiQO 

Since  the  amount  of  the  sample  available  for  the  assay  was 
limited,  no  dose  rangefinding  study  was  performed  on  this  sample.  Routinely, 
between  50  to  75%  of  the  available  extract  will  be  used  In  the  Initial 
mutagenicity  assay,  with  the  remaining  extract  reservtd  for  possible  retesting 
and  confirmation  studies.  The  total  amount  of  extractives  obtained  after 
processing  29.2  liters  of  the  sample  through  XAD-2  resin  was  13.5  mg  In  a 
volume  of  0.5  ml  DMSO.  The  deionized  water  (48  liters)  passed  through  XAD-2 
resin  had  a  total  extractives  of  0.0  mg  In  a  volume  of  0.5  ml  DMSO.  The 
amount  of  the  extractives  obtained  from  the  deionized  water  control  was 
deducted  from  the  total  extractives  of  the  test  sample  (13.5  mg  •  0.0  mg  - 
13.5  mg)  to  calculate  the  doses  used  In  the  mutagenicity  assay.  Based  on  the 
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amount  of  available  extractives,  the 
doses.  500,  251,  124.  50.0.  25.1  and 
two  plates  per  dose  level. 

C  Motagenkity  Assay 

The  dose  levels  selected 
500  to  12.4  >ig  per  plate  In  both  the 


test  sample  extract  was  assayed  at  six 
12.4  ng  of  extractives  per  plate  using 


for  the  mutagenicity  assay  ranged  from 
presence  and  absence  of  S9. 


The  mutagenicity  assay  results  for  Raw  Grovindvater  are  presented  In  Tables  1 
through  4.  These  data  were  generated  In  two  Experiments,  14544 -B1  and 
14544-B2.  The  data  are  presented  as  mean  revertants  per  plate  ±  standard 
deviation  for  each  treatment  and  control  group  (Tables  2  and  4)  and  as 
Individual  plate  counts  (Tables  1  and  3). 

In  Experiment  14544-Bl  (Tables  1  and  2).  all  data  were  acceptable  and  positive 
Increases  In  the  number  of  histidine  revertants  per  plate  were  observed  with 
tester  strain  TA98  (3.6-fold)  and  TAlOO  (2.0-fold),  only  In  the  presence  of 
S9.  No  positive  Increases  were  observed  with  either  tester  strain  In  the 
absence  of  S9.  In  order  to  confirm  the  observed  Increases,  tester  strains 
TA98  and  TAlOO  were  retested  In  the  presence  of  S9  In  Experiment  14544-B2. 


In  Experiment  14544-B2  (Tables  3  and  4),  all  data  were  acceptable  and  a 
positive  Increase  In  the  number  of  histidine  revertants  per  plate  was  observed 
with  tester  strain  TA98  (4.5-fold)  in  the  presence  of  S9.  A  positive  increase 
was  not  observed  with  tester  strain  TAlOO  In  the  presence  of  S9  In  the 
confirmatory  assay. 

The  responses  observed  with  tester  strains  TA98  and  TAlOO  In  the  presence  of 
S9  are  presented  graphically  in  Figures  1  and  2. 


All  criteria  for  a  valid  study  were  met. 


CONCLUSIONS 


The  results  of  the  Salmonella/Mammallan-Mlcrosome  Reverse  Mutation  Assay 
(Ames  Test)  Modified  for  XAO-2  Resin  Extracts  Indicate  that  under  the 
conditions  of  this  study,  an  extract  of  Johns  Hopkins  University's  test 
article.  Raw  Groundwater,  did  cause  a  positive  Increase  In  the  number  of 
histidine  revertants  per  plate  with  tester  strain  TA98  In  the  presence  of  S9 
in  two  independent  trials  (3.6  and  4.S-fold).  A  positive  Increase  was  also 
observed  with  tester  strain  TAlOO  In  the  presence  of  S9  (2.0- fold)  In  the 
initial  experiment.  However,  in  the  confirmatory  assay,  this  positive 
increase  could  not  be  reproduced.  No  positive  increases  were  observed  with 
either  tester  strain  in  the  absence  of  S9. 
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SECTION  V.  DATA  TABLES 
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TABLE  1 

MUTAGENICITY  ASSAY  RESULTS 
INDIVIDUAL  PLATE  COUNTS 


EXPERIMENT  ID;  14544 -B1 
DATE  PLATED:  15-May-91 
DATE  COUNTED;  20-May-91 


TEST  ARTICLE  ID;  Raw  Groundwater 

VEHICLE:  DMSO 

PLATING  ALIQUOT:  50  *il 


kevestants  pex  plate 


bacxcxound 


LAWN* 


DOSE /PLATE _ TA<8 _ TAIOO 


1 

2 

3 

1 

2 

3 

MICKOSQMES:  Rat  Llvar 

RESIM  COKTROL 

27 

37 

176 

139 

1 

HEGATIVE  COHTROL 

36 

*1 

119 

103 

1 

VEHICLE  COKTROL 

29 

*2 

38 

117 

108 

10* 

1 

TEST  ARTICLE 

12.* 

*9 

39 

134 

129 

1 

29.1 

Mg 

30 

38 

119 

97 

1 

90.0 

Mt 

38 

29 

130 

1*1 

1 

12* 

Mg 

93 

99 

116 

190 

1 

291 

Mg 

92 

81 

166 

19* 

1 

900 

Mg 

1** 

118 

207 

2*3 

1 

POSITIVE  CONTROL  •* 

1102 

998 

1313 

1138 

1 

HICROSOMES:  Nona 

RESIN  COKTROL 

19 

10 

98 

99 

1 

NECATIVE  COKTROL 

20 

29 

90 

97 

1 

VEHICLE  CONTROL 

19 

32 

29 

80 

80 

86 

1 

TEST  ARTICLE 

12.* 

Mg 

19 

28 

80 

82 

1 

29.1 

Mg 

19 

23 

110 

89 

1 

90.0 

Mg 

2* 

2* 

88 

80 

1 

12* 

Mg 

22 

20 

10* 

9* 

1 

291 

Mg 

*1 

26 

9* 

89 

1 

900 

Mg 

2* 

2* 

99 

88 

1 

POSITIVE  COKTROL  ••• 

136 

119 

**3 

*96 

1 

**  TAM  2-aailao*nthrmc«na  2.3 

TAIOO  2->ainoknthr«c«n«  2.9 


•••  TAM 

TAIOO 


2-Dltrof luocaoa  1.0  MS/plata 
•odlua  asld«  2.0  M/plat* 


*  Backcround  Lavn  Evaluation 
1  ■  noTnal 

4  V  ostiaaMljr  raducad 
ap  a  allfht  praclpltata 


Coda a : 

2  •  allshtlp  raducad 
9  a  abaont 

■p  •  aodarata  praclpltata 
(ra^tcaa  hand  count) 


3  •  Btodaratalp  raducad 
6  •  obaeurad  bp  praclpltata 
bp  •  haavp  praclpltata 

(raqulraa  hand  count) 
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TABLE  3 

MUTAGENICITY  ASSAY  RESULTS 
INDIVIDUAL  PLATE  COUNTS 


EXPERIMENT  ID:  14544 -B2 
DATE  PLATED:  29-May-91 
DATE  COUNTED:  03-Jun-91 


TEST  ARTICLE  ID:  Raw  Groundwater 
VEHICLE:  DMSO 
PLATING  ALIQUOT:  50 


DOSE /PLATE 


RZVERTAirrS  PEB  PLATE 
TA98 _ TAIOO 


EACXCKOOMD 

LAW* 


HICBOSOKES:  fUt  Llv«r 


NEGATIVE  CONTROL 

VEHICLE  CONTROL 

TEST  ARTICLE 

12.5 

MS 

23.0 

MS 

o 

o 

MS 

123 

MS 

230 

MS 

300 

MS 

POSITIVE  COKTBOL  •• 


23 

26 

128 

123 

17 

11  32 

126 

123 

20 

19 

132 

126 

18 

20 

133 

136 

13 

27 

113 

130 

39 

33 

137 

157 

42 

35 

137 

149 

84 

93 

172 

147 

1098 

1224 

1208 

1251 

1 

95  1 

1 

1 

1 

1 

1 

I 

1 


*•  TA98  2-wiInoAnthrae«(M  : 

TAIOO  2-aalno«nthrae«n«  : 

*  Backcreund  Lawn  Evaluation 
1  •  normal 

a  •  aatraoMlj  raducad 
ap  •  alight  praclpltata 


:.S  M(/plata 
!.S  Mt/placa 

Codaa ; 

2  •  alithclp  caditcad 

3  •  abaant 

8^  -  Bodarata  praclpltata 
(raqulraa  hand  count) 


)  •  aodaratalp  raducad 
6  •  obacurad  bp  praclpltata 
hp  -  haavp  praclpltata 

(raqulraa  band  count) 
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EXPERIMENT  ID:  14544-B2 
DATE  PLATED:  29 -May- 91 
DATE  COUNTED:  03-Jun-91 


TEST  ARTICLE  ID:  Raw  Groundwater 
VEHICLE:  DMSO 
PLATING  ALIQUOT:  50 


KEA*  EZVEaTJUTTS  PEI  PLATS  BACIdOUID 

UITB  STAKDARD  DEVIATIOH  LAUI* 


tX>SE/ PLATE _ TA98 _ TAIOO 


KEA* 

S.D. 

MEAN 

S.D. 

MICIOSOPIES:  Eat  Llvac 

HEGATIVE  COKTROL 

26 

1 

126 

1 

1 

VESICLE  CONTROL 

20 

11 

115 

IB 

1 

TEST  ARTICLE 

12. S 

Mt 

20 

1 

129 

1 

1 

23.0 

H 

1 

133 

2 

1 

30.0 

20 

10 

122 

12 

1 

123 

Mt 

36 

a 

117 

11 

1 

230 

49 

9 

113 

8 

1 

300 

<9 

6 

160 

18 

1 

POSITIVE  CONTROL  •• 

1161 

S9 

1230 

30 

1 

**  TAM  E-aalnocnthraetn*  2.S 

TAIOO  2-aaLneanthracan*  2.S 


3  •  aodcratalp  raducad 
0  •  ebacurad  by  pracLpltaca 
hp  "  haaT7  praclplcata 

(raqulraa  hand  covmt) 


a  Baekfround  Lava  Evaluation  Codaa: 

1  •  normal  2  “  allshtlp  caducad 

a  •  ojTtraaMlj  raducad  S  •  abaaot 

ap  •  alltht  praclpltata  op  •  oodarata  praclpltata 

(ra<)ulraa  hand  count) 
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FIGURE  1 
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MEAN  TA98  REVERTANTS  PER  PLATE 
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FIGURE  2 

AMES  TEST  RESULTS 
TESTER  STRAIN  TA100  WITH  S9 


MEAN  TA100  REVERTANTS  PER  PLATE 


^  TRIAL  #1  TRIAL  #2 


14644-1-401X 


A2-29 


APPENDIX  3 


HAZLEIOf\ 

WASHINGTON 

S5'6  niChC.sCN  l*niE 
«ENS'NGTON  MiS>^4SO  20896 


•  OOMMMO  -atoiiory 


MUTAGENICITY  TEST  ON 
UV- OXIDATION  TREATED  WATER 


IN  THE  SALMONELLA/MAMMALIAN -MICROSOME  REVERSE  MUTATION  ASSAY 

(AMES  TEST) 

MODIFIED  FOR  DIRECT  WATER  SAMPLES 


FINAL  REPORT 

AUTHOR 

Timothy  E.  Lawlor,  M.A. 

PERFORMING  LABORATORY 

Hazleton  Washington,  Inc. 

5516  Nicholson  Lane 
Kensington,  Maryland  20895 

LABORATORY  PROJECT  ID 
HWA  Study  No.:  14545-0-401W 

SUBMITTED  TO 

Johns  Hopkins  University 
Applied  Physics  Laboratory 
4800  Atwell  Road 
Shady  Side,  MD  20764 

STUDY  COMPLETION  DATE 
June  10,  1991 


HWA  STUDY  NO.:  14545-0-401W 


1  of  23 


United  «  Gtrmany  .  J«p«n  «  Fr>nc«  .  Unittd  Kingdom 

Phone  301-230-0001  77k  302-230-2309  Telex  8  9  94  3  0  H  A  2  L  A  B  S  VINA 

A3-1 


QUALITY  ASSURANCE  STATEMENT 


HAZLETON 

WASHINGTON 


PROJECT  TITLE;  Salmonella/Manunallan-Microsome  Reverse  Mutation  Assay 
(Ames  Test)  Modified  for  Direct  Water  Samples 

STUDY  NO. :  14545-O-AOlW 
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EDITION  NO.:  16 


Quality  Assurance  inspections  of  the  study  and/or  review  of  the  final  report 
of  the  above  referenced  project  were  conducted  according  to  the  Standard 
Operating  Procedures  of  the  Quality  Assurance  Unit  and  according  to  the 
general  requirements  of  the  appropriate  Good  Laboratory  Practice  regulations. 
Findings  from  the  inspections  and  final  report  review  were  reported  to 
management  and  to  the  study  director  on  the  following  dates; 

Inspection  •  Date  Findings  Reported  Auditor 

Preparation  of  S9  Mix  -  05/02/91  05/02/91  D.  Wallace 

Final  Report  Review  -  06/07/91  06/07/91  D.  Wallace 
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COMPLIANCE  AND  CERTIFICATION  STATEMENT 


The  described  study  was  conducted  in  compliance  with  the  Good  Laboratory 
Practice  regulations  as  set  forth  In  the  Code  of  Federal  Regulations 
(21  CFR  58,  40  CFR  792,  and  40  CFR  160).  To  the  best  of  the  signer's 
knowledge,  there  were  no  significant  deviations  from  the  aforementioned 
regulations  or  the  signed  protocol  that  would  affect  the  Integrity  of  the 
study  or  the  Interpretation  of  the  test  results.  The  stability  of  the  test 
article  under  the  conditions  of  administration  was  the  responsibility  of  the 
Sponsor.  The  raw  data  have  been  reviewed  by  the  Study  Director,  who  certifies 
that  the  evaluation  of  the  test  article  as  presented  herein  represents  an 
appropriate  conclusion  within  the  context  of  the  study  design  and  evaluation 
criteria. 

All  test  and  control  results  presented  in  this  report  and  the  supporting  raw 
data  are  maintained  in  the  archive  files  of  the  HVA  Division  of  Molecular  and 
Cellular  Services,  5516  Nicholson  Lane,  Kensington,  Maryland  20895.  After  two 
years,  these  records  will  be  transferred  to  permanent  archives  at  Hazleton 
Washington,  Vienna,  Virginia. 


SUBMITTED  BY: 


Study  Director; 

— 

Timothy  E.T^Lawlor,  M.A. 

Microbial  mutagenesis 

Department  of  Molecular  and  Cellular  Services 


6/0?/ 
Study  Completion 
Date 
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SUMMARY 


A.  Introdoctioo 


At  the  request  of  Johns  ’.’opklns  University,  Hazleton  Washington, 
Inc.  examined  water  sample  UV-Oxldatlon  Treated  Water  for  mutagenic  activity 
in  the  Salmonella/  Mammallan-Mlcrosome  Reverse  Mutation  Assay  (Ames  Test) 
Modified  for  Direct  Water  Samples.  This  assay  evaluates  the  test  article 
and/or  Its  metabolites  for  their  ability  to  Induce  reverse  mutations  at  the 
histidine  locus  In  the  genome  of  specific  Salmonella  tvnhl murium  tester 
strains  both  in  the  presence  and  absence  of  an  exogenous  metabolic  activation 
system  of  mammalian  microsomal  enzymes  derived  from  Aroclor- Induced  rat  liver. 


The  tester  strains  used  In  this  study  were  TA98  and  TAlOO.  The  assay  was 
conducted  using  two  p'ites  per  dose  level  In  the  presence  and  absence  of 
microsomal  enzym*-  Six  dose  levels  of  the  test  article,  3.00,  2.00,  1.00, 
0.500,  0.200  and  .100  ml  per  plate,  were  tested  In  both  the  presence  and 
absence  of  S'  ung  with  the  appropriate  vehicle  controls  (three  plates  per 
dose),  negative  controls  and  positive  controls. 


B.  Contlpsigns 

The  results  of  the  Salmonella/Mammallan-Mlcrosome  Reverse  Nutation 
Assay  (Ames  Test)  Modified  for  Direct  Water  Samples  Indicate  that  under  the 
conditions  of  this  study,  Johns  Hopkins  University’s  test  article, 
UV-Oxldation  Treated  Water,  did  not  cause  a  positive  increase  in  the  numbers 
of  histidine  revertants  per  plate  with  tester  strains  TA98  and  TAlOO  either  In 
the  presence  or  absence  of  microsomal  enzymes  prepared  from  Aroclor- Induced 
rat  liver. 
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STUDY  INFORMATION 

A.  Sponsor:  Johns  Hopkins  University 

B.  Test  Article:  UV-Oxldatlon  Treated  Water 

1.  Physical  Description:  clear  colorless  liquid 

2.  Date  Received:  04/29/91 

C.  Type  of  Assay:  Salmonella/Majpjiialian-Mlcrosome  Reverse  Mutation 

Assay  (Modified  for  Direct  Water  Samples) 

1.  Protocol  Number:  HWA  Protocol  401U,  Edition  16 

2.  HWA  Study  Number:  14545-0-401W 

D.  Study  Dates 

1.  Study  Initiation  Date:  04/29/91 

2.  Test  Initiation  in  the  Laboratory:  05/02/91 

3.  Test  Completion  in  the  Laboratory:  05/10/91 

E.  Study  Personnel 

Study  Director:  Timothy  E.  Lawlor,  M.A. 

Laboratory  Supervisor:  Michael  S.  Mecchi,  B.S. 

Technician:  Theodora  Brown 
Technician:  Sow  Hoong  Hon,  B.S. 
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MATERIALS  AND  METHODS 

The  experimental  materials,  methods  and  procedures  are  based  on  those 
described  by  Ames  et  al  (1975). 

A.  Media  and  Reagents 

1.  Top  Agar  for  Selection  of  Histidine  Revertants:  Since 
different  volumes  of  neat  water  sample  will  be  added  directly  to  the  tubes 
containing  top  agar,  it  is  necessary  to  prepare  tubes  containing  different 
concentrat ions  of  top  agar  components  (agar,  NaCl,  histidine  and  biotin),  such 
that  once  the  appropriate  volume  of  water  sample  has  been  added,  the  top  agar 
component  concentrat  ion  in  all  top  agar  tubes  will  be  comparable.  A  series  of 
Cop  agar  Cubes  was  prepared  as  follows; 


Top  A4*r 
Tub« 

Top  A4Ar 

CoOpOAtfOt 

Concont r At  Ion  (X) 

al  of  0  boH  Sistidln«/ 
Biotin  Solution  Added 
per  al  of  Top  A^er 

al  of  Suppleaentod 
Top  Afer  Added 
per  Tube 

of  Teet 

Art  Lcle 

Added  per  Tube 

1  .0  X 

A*»r 

H>C1 

0  60 

0  50 

0.07 

4.0 

0.* 

1  0  X 

A*.t 

N*Cl 

0  60 

0.40 

0  07 

so 

0.2 

IS  X 

A«»r 

R«C1 

0.72 

0.60 

0.C8 

2  5 

0.5 

O 

X 

A<*r 

R4CL 

o 

o  o 

0  10 

2.0 

1.0 

S  0  X 

A««c 

NicL 

1  so 

1  so 

0.20 

1.0 

2.0 

>  0  X 

A«ar 

RaCl 

2 . 60 

2.00 

0  2S 

1.0 

3.0 

2.  Minirral  Bottom  Aear:  Bottom  agar  was  Vogel-Bonner  minimal 
medium  E  (Vogel  and  Bonner,  1956),  supplemented  with  1.5%  (W/V)  agar  and  0.2% 
(W/V)  glucose. 

3.  Nutrient  Broth:  Nutrient  Broth  used  for  growing  overnight 
cultures  of  the  tester  strains  was  Vogel-Bonner  salt  solution  (Vogel  and 
Bonner.  1956)  supplemented  with  2,5%  (w/v)  Oxold  Nutrient  Broth  No.  2  (dry 
powder)  . 

U .  Exogenous  Metabolic  Activation 

a.  Liver  Microsomal  Enzymes  -  S9  Homogenate:  S9  Liver 
homogenate  for  use  in  Che  mutagenicity  assay,  prepared  as  described  below,  was 
purchased  from  Molecular  Toxicology,  Inc.,  Annapolis,  MD  21401,  Batch  0327, 
37.8  mg  of  protein  per  ml. 
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1)  Species.  Strain.  Sex.  Inducer:  Liver  alcrosonal 
enzymes  were  prepared  from  male  Sprague -Dawley  rats  that  had  been  Injected 
with  Aroclor  1254  (200  mg  per  ml  In  corn  oil)  at  500  mg/kg.  Five  days  after 
l.p.  Injection  with  the  Aroclor,  the  rats  were  sacrificed  by  decapitation,  and 
their  livers  were  excised. 

2)  Homogenate  Preparation:  The  preparation  of  the 
microsomal  enzyme  fraction  was  carried  out  with  sterile  glassware  and 
solutions  at  6  +  4*C.  The  livers  were  excised,  weighed,  and  placed  In  a 
beaker  containing  3  ml  of  0.15M  KCl  per  gram  of  wet  liver,  and  homogenized. 

The  homogenate  was  centrifuged  at  9000  x  g  for  10  minutes.  Small  aliquots  of 
the  supernatant  (referred  to  by  Ames  as  the  S9  fraction)  were  distributed  Into 
freezing  ampules  which  were  stored  at  ^  *65*0. 

3)  S9  Characterization:  The  S9  homogenate  was 
characterized  (using  the  Ames  Assay)  for  Its  ability  to  metabolize  selected 
promutagens  to  their  mutagenic  forms,  as  described  by  deSerres  and  Shelby 
(1979). 

b.  S9  Mix:  The  S9  mix  was  prepared  immediately  before 
Its  use  In  the  mutagenicity  assay.  One  ml  of  the  microsomal  enzyme  reaction 
mixture  (S9  mix)  contained  the  following  components; 


HjO 

0.70  ml 

l.OOM  NaHjPOj/NajHPO* ,  pH  7.4 

0.10  ml 

0.25M  Glucose*6-phosphate 

0.02  ml 

O.IOM  NADP 

0.04  ml 

0.2M  MgCl2/0.825M  KCl 

0.04  ml 

S9  Homogenate 

al 

1.00  ml 

When  required,  0.5  ml  of  the  S9  mix  was  added  to  the  soft  agar  overlay  per 
plate . 

B.  Test  System 

1.  Tester  Strains 

The  tester  strains  used  were  the  Salmonella  tyohimurlun 
histidine  auxotrophs  TA98  and  TAlOO  as  described  by  Ames  et  al  (1975). 


TESTER  STRAIN  GENOTYPES 


Histidine  Mutation 

Additional 

Mutations 

hlsG46 

hlsD3052 

LPS 

Repair 

R  Factor 

_ IMOQ _ 

TA98 

rfa 

_ uvrB 

_ ±Bu.._ 
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In  addition  to  a  mutation  in  the  histidine  operon,  the  tester  strains  contain 
two  additional  mutations  which  enhance  their  sensitivity  to  some  mutagenic 
compounds.  The  rfa  wall  mutation  results  in  the  loss  of  one  of  the  enzymes 
responsible  for  the  synthesis  of  part  of  the  llpopolysaccharide  barrier  that 
forms  the  surface  of  the  bacterial  cell  wall.  The  resulting  cell  wall 
deficiency  increases  permeability  to  certain  classes  of  chemicals  such  as 
those  containing  large  ring  systems  (i.e.  ben2o(a)pyrene)  that  would  otherwise 
be  excluded  by  a  normal  intact  cell  wall. 

The  second  mutation,  a  deletion  of  the  uvrB  gene,  results  in  a  deficient  DNA 
excision  repair  system  which  greatly  enhances  the  sensitivity  of  these  strains 
to  some  mutagens.  Since  the  uvrB  deletion  extends  through  the  bio  gene,  all 
of  the  tester  strains  containing  this  deletion  also  require  the  vitamin  biotin 
for  growth. 

Strains  TA98  and  TAlOO  also  contain  the  R-factor  plasmid,  pKMlOl,  which 
further  increases  the  sensitivity  of  these  strains  to  some  mutagens.  The 
mechanism  by  which  this  plasmid  increases  sensitivity  to  mutagens  has  been 
suggested  to  be  by  modifying  an  existing  bacterial  DNA  repair  polymerase 
complex  Involved  with  the  mismatch- repair  process. 

Tester  strain  TA98  is  reverted  from  histidine  dependence  (auxotrophy)  to 
histidine  Independence  (prototropy)  by  frameshift  mutagens.  Tester  strain 
TAlOO  is  reverted  by  mutagens  which  cause  both  frameshifts  and  base 
substitutions. 


a.  Source  of  Tester  Strains:  The  tester  strains  in  use  at  HWA 
were  received  directly  from  Dr.  Bruce  Ames,  Department  of  Biochemistry, 
University  of  California,  Berkeley. 

b.  Storage  of  the  Tester  Strains 

1)  Frozen  Permanent  Stocks:  Frozen  permanent  stocks  were 
prepared  by  growing  fresh  overnight  cultures,  adding  DMSO  (0.09  ml/ml  of 
culture)  and  freezing  small  aliquots  (approximately  0.5  -  1.5  ml)  at  <-65*C. 

2)  Master  Plates:  Master  plates  were  prepared  by 
streaking  each  tester  strain  from  a  frozen  permanent  stock  onto  minimal  agar 
appropriately  supplemented  with  histidine  (260  ;iM) ,  biotin  (3  /iM)  ,  and 
ampicillln  (25  pg/ml) .  Tester  strain  master  plates  were  stored  at  6  ±  4*C. 

c.  Preparation  of  Overnight  Cultures:  Overnight  cultures  were 
prepared  by  transferring  a  colony  from  the  appropriate  master  plate  to  a  flask 
containing  culture  medium.  In  order  to  assure  that  cultures  were  harvested  in 
late  log  phase,  the  length  of  incubation  was  determined  by  spectrophotometrlc 
monitoring.  Inoculated  flasks  were  placed  in  a  shaker/incubator  which  was 
programmed  to  begin  operation  (shaking,  125  +  25  rpm;  incubation,  37  +  2*C)  so 
that  the  overnight  cultures  were  in  log  phase  or  late  log  phase  when  turbidity 
monitoring  began.  Cultures  were  harvested  once  a  predetermined  turbidity  was 
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reached  as  detemined  by  a  percent  cransmictance  (%T)  reading  on  a 
spectrophotometer.  Overgrowth  of  cultures  can  result  in  their  loss  of 
sensitivity  to  some  mutagens.  Cultures  were  removed  from  Incubation  when  the 
target  %T  was  reached. 

d.  Confirmation  of  Tester  Strain  Genotypes:  Tester  strain 
cultures  were  checked  for  the  following  genetic  markers  on  the  day  of  their 
use  In  the  mutagenicity  assay; 

1)  rfa  Wall  Mutation:  The  presence  of  the  rfa  wall 
mutation  was  confirmed  by  demonstration  of  sensitivity  to  crystal  violet.  An 
aliquot  of  an  overnight  culture  of  each  strain  was  overlaid  onto  plates 
containing  selective  media  and  an  antibiotic  sensitivity  disk  containing  10  ftg 
of  crystal  violet  was  added.  Sensitivity  was  demonstrated  by  Inhibition  of 
bacterial  growth  In  a  zone  Immediately  surrounding  the  disk. 

2)  pKMlOl  Plasmid  R-factor:  The  presence  of  the  pKNlOl 
plasmid  was  confirmed  for  tester  strains  TA98  and  TAlOO  by  demonstration  of 
resistance  to  aaplclllln.  An  aliquot  of  an  overnight  culture  of  each  strain 
was  overlaid  onto  plates  containing  selective  media  and  an  antibiotic 
sensitivity  disk  containing  10  ;ig  of  amplclllln  was  added.  Resistance  was 
demonstrated  by  bacterial  growth  In  the  zone  Immediately  surrounding  the  disk. 

3)  Characteristic  Number  of  Spontaneous  Revertants:  The 
mean  number  of  spontaneous  revertants  per  plate  In  the  vehicle  controls  that 
are  characteristic  of  the  respective  strains  were  demonstrated  by  plating 
100  pi  aliquots  of  the  culture  along  with  3.00  ml  of  deionized  water  on 
selective  media. 

C  Experimental  Design 

1 .  Mutagenicity  Assay 

The  mutagenicity  assay  was  performed  using  tester  strains 
TA98  and  TAlOO,  both  In  the  presence  and  absence  of  microsomal  enzymes  (S9 
mix).  Six  dose  levels  of  the  test  article,  3.00,  2.00,  1.00,  0.50,  0.20  and 
0.10  ml  per  plate,  were  tested  along  with  the  appropriate  vehicle,  negative, 
and  positive  controls  as  specified  by  the  New  Jersey  Department  of 
Environmental  Protection.  If  the  test  article  exhibited  toxicity  in  the  assay 
in  two  or  more  doses,  the  assay  would  be  repeated  at  lower  concentrations. 

a.  Frequency  and  Route  of  Administration:  The  test 
system  was  exposed  to  the  test  article  via  the  plate  Incorporation  methodology 
originally  described  by  Ames  et  al  (1975)  and  Maron  and  Ames  (1983).  This 
methodology  has  been  shown  to  detect  a  wide  range  of  classes  of  chemical 
mutagens.  All  dose  levels  of  test  article,  negative  controls,  and  positive 
controls  were  plated  In  duplicate  and  the  vehicle  controls  were  plated  In 
triplicate. 


14545 -0-40 IW 


13 


HAZLETOIX 

WASHINGTON 


D.  Cootrob 

1 .  Positive  Controls 

Combinations  of  positive  controls  and  tester  strains  plated 
concurrently  with  the  assay  are  listed  below. 

POSITIVE  CONTROL  AND  TESTER  STRAIN  COMBINATIONS 


Tester 

Strain 

S9  Mix 

Fvsltlv?  C<?ntr<?l 

Cone . 

TA98 

+ 

2-aminoanthracene 

2.5  Mg 

TA98 

- 

2-nltrofluorene 

1.0  Mg 

TAIOO 

+ 

2-aminoanthracene 

2.5  Mg 

TAIOO 

- 

sodium  azide 

2.0  Mg 

a.  Source  and  Grade  of  Positive  Control  Article^: 
2-aolnoanthracene  (CAS  #613-13-8),  Sigma  Chemical  Co.,  practical  grade; 
2-nitrofluorene  (CAS  #607-57-8),  Aldrich  Chemical  Co.,  98%;  sodium  azide  (CAS 
#26628-22-8),  Sigma  Chemical  Co.,  practical  grade. 

2.  Vehicle  Controls 

Sterilized  deionized  water  (HWA  Batch  #193)  vehicle  controls 
were  plated  for  both  tester  strains  in  the  presence  and  absence  of  S9.  The 
vehicle  controls  consisted  of  a  3.0  ml  aliquot  of  deionized  water  (equal  to 
the  maximum  aliquot  of  test  article  plated),  along  with  an  aliquot  of  the 
appropriate  tester  strain  and  an  aliquot  of  S9  mix  (when  appropriate),  plated 
on  selective  agar. 

3 .  Negative  Controls 

Negative  controls  were  plated  for  both  tester  strain#  in  the 
presence  and  absence  of  S9.  The  negative  controls  consisted  of  an  aliquot  of 
the  appropriate  tester  strain  and  S9  mix  (when  appropriate) ,  plated  on 
selective  agar. 

4.  Sterility  Controls 

a.  S9  Mix  Sterility  Determination:  In  order  to  determine 
the  sterility  of  the  S9  mix,  a  O.S  ml  aliquot  was  plated  on  selective  agar. 

E.  Plating  Procedures 

The  plating  procedures  employed  are  similar  to  those  described  by 
Ames  et  al  (1975). 
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1.  Test  System  Identification 

Each  plate  was  labeled  with  a  code  system  which  Identified 
the  test  article,  tester  strain,  test  phase,  dose  level,  and  activation 
condition. 

2 .  Test  Article  Platini^  Procedure 

The  S9  mix  was  prepared  immediately  before  Its  use  in  the 
experimental  procedure.  An  aliquot  of  tester  strain  (100  pi),  the  appropriate 
volume  of  vehicle  or  neat  test  article,  and  O.S  ml  of  S9  mix  (when  necessary) 
were  added  to  an  appropriate  amount  and  concentration  of  molten  selective  top 
agar  (See  III.A.l.)  held  In  a  13  x  100  mm  test  tube  at  45  ±  2*C.  After 
vortexlng,  the  mixture  was  overlaid  onto  the  surface  of  25  ml  of  minimal 
bottom  agar  contained  In  a  15  x  100  mm  petrl  dish.  After  the  overlay  had 
solidified,  the  plates  were  inverted  and  incubated  for  48+8  hours  at 
37  ±  2*C. 

F.  Scoring  Plates 

Plates  which  were  not  scored  Immediately  after  the  48+8  hour 
Incubation  period  were  held  at  6  +  4*C  until  such  time  that  scoring  could 
occur. 


1 .  Colony  Counting 

Revertant  colonies  for  the  negative,  vehicle,  and  test 
article  treated  plates  were  counted  by  hand.  The  positive  control  plates  were 
counted  by  automated  colony  counter. 

2 .  Evaluation  of  the  Bacterial  Background  Lawn 

The  condition  of  the  background  bacterial  lawn  was  evaluated 
for  evidence  of  test  article  cytotoxicity  and  precipitate.  The  cytotoxicity 
was  scored  relative  to  the  vehicle  control  plate  and  Is  noted  along  with  the 
revertant  counts  for  all  plates  at  that  dose  level  on  the  data  tables  using 
the  code  system  presented  at  the  end  of  the  Materials  and  Methods  Section. 

3.  Analysis  of  the  Data 

For  all  replicate  platings,  the  mean  number  of  revertants 

per  plate  was  calculated  and  the  standard  deviation  around  the  mean  was  also 
calculated.  The  results  of  these  calculations  are  presented  In  tabular  form 
in  the  Data  Tables  Section  of  this  report. 
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G.  Criteria  for  Petenninatioo  of  a  Valid  Test 


valid: 


The  following  criteria  must  be  met  for  the  assay  to  be  considered 


1 .  Tester  Strain  Integrity 

a.  rfa  Wall  Mutation:  In  order  to  demonstrate  the 
presence  of  the  deep  rough  mutation,  tester  strain  cultures  must  exhibit 
sensitivity  to  crystal  violet. 

b.  pKMlOl  Plasmid  R-Factor:  In  order  to  demonstrate  the 
presence  of  the  pKMlOl  Plasmid  R-factor,  tester  strains  TA98  and  TAlOO  must 
exhibit  resistance  to  amplclllln. 


c .  Characteristic  Number  of  Spontaneous  Revertants: 
Tester  strain  cultures  must  exhibit  a  characteristic  number  of  spontaneous 
revertants  per  plate  in  the  vehicle  controls.  The  acceptable  ranges  are  as 
follows : 


TA98  8  -  60 

TAlOO  60  -  240 


d.  Tester  Strain  Titers:  In  order  to  ensure  that 
appropriate  numbers  of  bacteria  are  plated,  tester  strain  culture  titers  must 
be  greater  than  or  equal  to  5.0  x  10*  and/or  have  reached  a  target  level  of 
turbidity  demonstrated  to  produce  cultures  with  titers  greater  than  or  equml 
to  5.0  X  10«. 

e.  Positive  Control  Values:  All  positive  controls  must 
exhibit  at  least  a  three -fold  increase  in  the  number  of  revertants  per  plate 
over  the  mean  value  for  the  vehicle  control  for  the  respective  strain. 

2.  CvtotoxlcitY 

a.  Acceptable  Number  of  Non- toxic  Dose  Levels:  A  minimum 
of  three  non- toxic  dose  levels  are  required  to  evaluate  assay  data. 

H.  EYaloation  of  Test  ResoUs 

1.  Tester  Strains  TA98  and  TAlOO 

For  a  test  article  to  be  considered  positive,  it  must  cause 
at  least  a  2-fold  increase  in  the  mean  revertants  per  plate  of  at  least  one 
tester  strain  over  the  mean  vehicle  control  value  for  that  tester  strain. 

This  increase  in  the  mean  number  of  revertants  per  plate  must  be  accompanied 
by  a  dose  response  to  increasing  concentrations  of  the  test  article. 
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BACTERUL  BACKGROUND  LAWN  EVALUATION  CODE 


The  condition  of  the  background  bacterial  lawn  is  evaluated  both 
macroscopically  and  microscopically  (using  a  dissecting  microscope)  for 
indications  of  cytotoxicity  and  test  article  precipitate  as  follows: 


CODE  DEFINITION  CHARACTERISTICS  OF  BACKGROUND  lAtfN 


1  Normal 


A  healthy  microcolony  lawn. 


2  Slightly 
Reduced 


A  noticeable  thinning  of  the  microcolony  lawn  and  an 
increase  in  the  size  of  the  microcolonies  compared  to 
the  vehicle  control  plate. 


3  Moderately 
Reduced 


A  marked  thinning  of  the  microcolony  lawn  and  an 
increase  in  the  size  of  the  microcolonies  compared  to 
the  vehicle  control  plate. 


4  Extremely 
Reduced 


An  extreme  thinning  of  the  microcolony  lawn  and  an 
Increase  in  the  size  of  the  microcolonies  compared  to 
the  vehicle  control  plate. 


5  Absent 


A  complete  lack  of  any  microcolony  lawn. 


6  Obscured  by 
Precipitate 


The  background  bacterial  lawn  cannot  be  accurately 
evaluated  due  to  microscopic  and/or  macroscopic  test 
article  precipitate. 


Evidence  of  macroscopic  test  article  precipitate  on  the  plates  is  recorded  by 
addition  of  the  following  precipitate  code  to  the  code  number  used  to  evaluate 
the  condition  of  the  background  bacterial  lawn. 


SP  Slight 

Precipitate 


Noticeable  macroscopic  precipitate  on  the  plate, 
however,  the  precipitate  does  not  influence  automated 
counting  of  the  plate. 


MP  Moderate 

Precipitate 


The  amount  of  macroscopic  precipitate  on  the  plate 
would  interfere  with  automated  counting,  thus, 
requiring  the  plate  to  be  hand  counted. 


HP  Heavy 

Precipitate 


The  large  amount  of  macroscopic  precipitate  on  the 
plate  makes  the  required  hand  counting  difficult. 


Example:  4-MP  would  indicate  a  plate  observed  to  have  an  extremely  reduced 
background  lawn  which  had  to  be  counted  manually  due  to  the  marked  amount  of 
macroscopic  test  article  precipitate. 
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RESULTS 

A.  Test  Article  Handline 

The  water  sample,  UV-Oxidaclon  Treated  Water,  was  stored 
refrigerated  at  5  +  3*C  until  used  in  the  assay.  The  test  article  was  filter 
sterilized  using  a  0.45  pm  filter  to  remove  any  particulate  matter  and 
possible  bacterial  or  other  contaminant  that  would  interfere  with  the  assay. 

B.  Matagenlcity  Assay 

The  dose  levels  selected  for  the  mutagenicity  assay  were  3.00, 
2.00,  1.00,  0.500,  0.200,  and  0.100  ml  of  unconcentrated  test  article  per 
plate  in  the  presence  and  absence  of  S9,  as  specified  by  the  New  Jersey 
Department  of  Environmental  Protection.  The  mutagenicity  assay  results  for 
UV-Oxldatlon  Treated  Water  are  presented  in  Tables  1  and  2.  These  data  were 
generated  in  Experiment  14545-B2  (in  an  initial  experiment,  14545-Bl,  no  data 
was  generated  due  to  the  malfunction  of  an  Incubator) .  The  data  are  presented 
as  mean  revertants  per  plate  +  standard  deviation  for  each  treatment  and 
control  group  (Table  2)  and  as  individual  plate  counts  (Table  1) . 

In  Experiment  14545-B2,  all  data  were  acceptable  and  no  positive  Increases  in 
the  number  of  histidine  revertants  per  plate  were  observed. 

All  criteria  for  a  valid  study  were  met. 


CONCLUSIONS 

The  results  of  the  Salmonella/Mammal ian-Microsome  Reverse  Nutation  Assay 
(Ames  Test)  Modified  for  Direct  Water  Samples  Indicate  that  under  the 
conditions  of  this  study,  Johns  Hopkins  University’s  test  article,  UV- 
Oxidation  Treated  Water,  did  not  cause  a  positive  increase  in  the  number  of 
histidine  revertants  per  plate  with  tester  strains  TA98  and  TAlOO  either  in 
the  presence  or  absence  of  microsomal  enzymes  prepared  from  Aroclor- induced 
rat  liver. 
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INDIVIDUAL  PLATE  COUNTS 
TEST  ARTICLE  ID;  UV-Oxldatlon  Treated  Water 

EXPERIMENT  ID:  14545-B2  VEHICLE;  deionized  water 

DATE  PLATED:  02-May-91  DATE  COUNTED:  09-May-91 


arVEBTAMTS  PEB  PLATE  lACSCKOOaD 

LAHI* 

DOSE /PLATE _ TA»g _ TAIOO _ 


1 

2 

3 

1 

2 

1 

MICXOSOKES:  Bat  Llvar 
VEHICLE  CONTBOL 

21 

12 

Ig 

1A7 

116 

95 

1 

MECATIVE  CONTROL 

lA 

11 

157 

lAA 

1 

TEST  ARTICLE 

0.100 

ml 

Al 

13 

llA 

112 

1 

0.200 

ol 

41 

Ig 

llg 

93 

1 

0.300 

mi 

lA 

2S 

110 

96 

1 

1.00 

aU. 

IS 

26 

g7 

g6 

1 

2.00 

■1 

27 

2A 

107 

17 

1 

1.00 

■1 

10 

19 

llA 

106 

1 

POSITIVE  COHTRCH.  •• 

1110 

1211 

1166 

1017 

1 

HICBOSOKES:  Nona 
VEHICLE  CONTROL 

19 

13 

12 

79 

75 

6g 

1 

NEGATIVE  CONTROL 

17 

lA 

6S 

62 

1 

TEST  article 

0.100 

■1 

22 

Ig 

7A 

69 

1 

0.200 

ml 

21 

22 

g6 

79 

1 

0.300 

al 

13 

11 

106 

103 

1 

1.00 

■1 

26 

23 

97 

BA 

1 

2.00 

ml 

17 

13 

92 

g9 

1 

1.00 

al 

lA 

10 

g9 

79 

1 

POSITIVE  CONTROL 

161 

1A2 

53A 

523 

1 

••  TA9S  2-aalnou>thrsc«a*  2.S  ***  TA9S  2*nltrofluor«n«  1.0  AC/pl*ta 

TAIOO  2-aaLnouilhxae«tM  2.3  TAIOO  tedlua  AAlda  2.0 


*  Background  Lava  Evaluation  Coda*: 

1  •  ooraal  2  •  tllahtlp  toducad  3  •  aodaratalp  raduead 

A  m  axtraaalp  toducad  3  •  abiant  6  •  obscured  bp  praclpitata 

sp  •  slight  praclpitata  sip  •  oodarata  praclpitata  hp  •  baavp  praclpitata 

(raqulras  hand  count)  (ra^lraa  hand  covait) 


14545-0-401W  22 


A3-22 


TABLE  2 


HAZLETOrSI 

WASHINGTON 


SUMMARY  OF  TEST  RESULTS 


TEST  ARTICLE  ID 
EXPERIMENT  ID 
DATE  PLATED 


UV  Oxidation  Treated  Water 

l<i5A5-B2 

02-May-91 


VEHICLE:  deionized  water 
DATE  COUNTED;  09 -May- 91 


KEAI  BZVZaTAIITS  PEX  PU^TI 
UITB  STAMDAXS  DEVlATlCM 


DOSE /PLATE  TA9S _ TAIOO 


KEAN 

S.D. 

MEAN 

$. 

HICXOSaKES;  Kat  Llvar 

VEHICLE  CONTROL 

18 

6 

119 

26 

negative  control 

13 

2 

191 

9 

TEST  article 

0.100 

ml 

39 

6 

113 

1 

0.200 

ml 

AO 

2 

107 

16 

0.900 

mi 

11 

A 

101 

10 

1.00 

ml 

31 

6 

87 

1 

2.00 

ml 

26 

2 

97 

1* 

1.00 

ml 

29 

8 

110 

6 

POSITIVE  CONTROL  •• 

1281 

30 

1102 

91 

KlCROSOiaS;  Nona 

vehicle  control 

19 

a 

7* 

6 

NEGATIVE  CONTROL 

16 

2 

69 

4 

TEST  ARTICLE 

0.100 

ml 

20 

3 

72 

4 

0.200 

ml 

23 

1 

81 

9 

0.900 

ml 

1* 

1 

109 

2 

1.00 

ml 

26 

1 

91 

9 

2.00 

ml 

16 

1 

91 

2 

3.00 

ml 

12 

3 

84 

7 

POSITIVE  CONTROL  ••• 

192 

11 

940 

21 

BAOUmxnB) 

LAMI* 


1 

1 

1 

1 

1 

1 

1 

1 

I 


1 

1 

1 

1 

1 

1 

1 

1 

1 


*•  TAM  2-aalnoAothrac«na  2.9  nlpltxm 

TAIOO  2-wilnoanthc«caiM  2.9 


TA98 

TAIOO 


2-nltrefluer«aa  1.0  Mc/plata 
aodlua  aalda  2.0  ps/plata 


■  Baeksround  Lawn  Evaluation 
1  •  normal 

*  •  aatramaly  raducad 
ap  •  allpht  praelplcata 


2  •  tllghtly  raducad 
9  •  abtant 

■p  •  modarata  praclpltata 
(ra^lraa  hand  count) 


9  -  modarataly  raducad 
•  m  obacurad  by  praclpltata 
hp  •  haavy  praclpltata 

(raqulrat  hand  count) 
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SUMMARY 

A.  btroduttittM 

At  the  request  of  Johns  Hopkins  University,  Hazleton  Washington. 
Inc.  examined  an  extract  of  the  water  sample,  UV-Oxidation  Treated,  for 
mutagenic  activity  in  the  Salmonella/Mammalian-Microsome  Reverse  Mutation 
Assay  (Ames  Test)  Modified  for  XAD-2  Resin  Extracts.  This  assay  evaluates  the 
test  article  and/or  its  metabolites  for  their  ability  to  induce  reverse 
mutations  at  the  histidine  locus  in  the  genome  of  specific  Salmonella 
tvphimurium  tester  strains  both  in  the  presence  and  absence  of  an  exogenous 
metabolic  activation  system  of  mammalian  microsomal  enzymes  derived  from 
Aroclor*- induced  rat  liver. 

The  tester  strains  used  in  this  study  were  TA98  and  TAIOO.  The  assay  was 
conducted  using  two  plates  per  dose  level  in  the  presence  and  absence  of 
microsomal  enzymes.  Six  dose  levels  of  the  test  article  were  tested,  from 
75.0  to  1.26  ng  per  plate  in  both  the  presence  and  absence  of  S9.  Vehicle 
controls  (three  plates  per  dose),  negative  controls,  resin  controls  and 
positive  controls  were  plated  as  part  of  the  assay. 

The  doses  tested  in  the  mutagenicity  assay  were  selected  based  on  the  amount 
of  extractable  organics  recovered  from  the  test  article. 


B.  Conclusioni 

The  results  of  the  Salmonella/Mammalian-Microsome  Reverse  Mutation 
Assay  (Ames  Test)  Modified  for  XAD-2  Resin  Extracts  indicate  that  under  the 
conditions  of  this  study,  an  extract  of  Johns  Hopkins  University’s  test 
article,  UV-Oxldatlon  Treated,  did  not  cause  a  positive  increase  in  the  number 
of  histidine  revertants  per  plate  with  tester  strain  TA98  or  TAlOO  either  in 
the  presence  or  absence  of  microsomal  enzymes  prepared  from  Aroc lor™- induced 
rat  liver. 
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STUDY  INFORMATION 

A.  Sponsor;  John*  Hopkins  University 

B.  Test  Article:  OV-Oxld*tlon  Treated 

1.  Physical  Description,  Test  Article:  clear  colorless  liquid 

2.  Date  Received:  04/29/91 

3.  Physical  Description,  Extract:  pale  saber  liquid 

C.  Type  of  Assay:  Salrnonella/Mammal  1  an-MI rrr»gnn><»  Reverse  Mutation 

Assay  (Ames  Test)  Modified  for  XAD-2  Resin 

Extracts 

1.  Protocol  Number:  HWA  Protocol  401X,  Edition  17 

2.  HWA  Study  Number:  14545-1-4011 

D.  Study  Dates 

1.  Study  Initiation  Date:  04/29/91 

2.  Experimental  Start:  05/15/91 

3.  Experimental  Termination:  05/20/91 

E.  Study  Personnel 

Study  Director:  Timothy  E.  Lavlor,  M.A. 

Laboratory  Supervisor:  Michael  S.  Mecchl,  B.S. 

Research  Assistant:  Ralph  S.  McCrea,  B.S. 

Technician:  Sow  Hoong  Hon,  B.S. 
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MATERIALS  AND  METHODS 

The  experimental  materials,  methods  and  procedures  are  based  on  those 
described  by  Ames  et  al  (1975). 

MATERIALS 

A.  Tester  Straina 

The  tester  strains  used  were  the  Salmonella  tvphtmurium  histidine 
auxotrophs  TA98  and  TAlOO  as  described  by  Ames  et  al  (1975).  The  specific 
genotypes  of  these  strains  are  shown  in  Table  1. 


TABLE  1.  TESTER  STRAIN  GKNOTYPgS 


_ Histidine  Mutation _ 

Additional 

Mutations 

hisG46 

hisD3052 

LPS  Repair 

R  Factor 

TAlOO 

TA98 

rfa  uvrB 

+R 

In  addition  to  a  mutation  in  the  histidine  operon,  the  tester  strains  contain 
two  additional  mutations  which  enhance  their  sensitivity  to  some  mutagenic 
compounds.  The  rfa  wall  mutation  results  in  the  loss  of  one  of  the  enzymes 
responsible  for  the  synthesis  of  part  of  the  lipopolysaccharide  barrier  that 
forms  the  surface  of  the  bacterial  cell  wall.  The  resulting  cell  wall 
deficiency  increases  permeability  to  certain  classes  of  chemicals  such  as 
those  containing  large  ring  systems  (i.e.  benzo( a) pyrene)  that  would  otherwise 
be  excluded  by  a  normal  intact  cell  wall. 

The  second  mutation,  a  deletion  of  the  uvrB  gene,  results  in  a  deficient  DNA 
excision  repair  system  which  greatly  enhances  the  sensitivity  of  these  strains 
to  some  mutagens.  Since  the  uvrB  deletion  extends  through  the  bio  gene,  all 
of  the  tester  strains  containing  this  deletion  also  require  the  vitamin  biotin 
for  growth. 

Strains  TA98  and  TAlOO  also  contain  the  R-factor  plasmid,  pKMlOl,  which 
further  increases  the  sensitivity  of  these  strains  to  some  mutagens.  The 
mechanism  by  which  this  plasmid  increases  sensitivity  to  mutagens  has  been 
suggested  to  be  by  modifying  an  existing  bacterial  DNA  repair  polymerase 
complex  involved  with  the  mismatch-repair  process. 

Tester  strain  TA98  is  reverted  from  histidine  dependence  (auxotrophy)  to 
histidine  independence  (prototropy)  by  frameshift  mutagens.  Tester  strain 
TAlOO  is  reverted  by  mutagens  which  cause  both  frameshifts  and  base 
substitutions . 
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1.  Source  of  Tester  Strains 

The  tester  strains  In  use  at  HWA  were  received  directly  from 
Dr.  Bruce  Ames,  Department  of  Biochemistry,  University  of  California, 

Berkeley. 


2.  Storage  of  the  Tester  Strains 

a.  Frozen  Permanent  Stocks 

Frozen  permanent  stocks  were  prepared  by  growing  fresh 
overnight  cultures,  adding  DMSO  (0.09  ml/ml  of  culture)  and  freezing  small 
aliquots  (approximately  0.5  -  1.5  ml)  at  ^-70*C. 

b.  Master  Plates 

Master  plates  were  prepared  by  streaking  each  tester 
strain  from  a  frozen  permanent  stock  onto  minimal  agar  appropriately 
supplemented  with  histidine  (260  /iM) ,  biotin  (3  m^) ,  and  for  strains 
containing  the  R-factor,  amplclllin  (25  /«g/“l)-  Tester  strain  master  plates 
were  stored  at  5  ±  3*C. 

3.  Preparation  of  Overnight  Cultures 

a.  Inoculation 

Overnight  cultures  for  use  in  all  testing  procedures 
were  Inoculated  by  transferring  a  colony  from  the  appropriate  master  plate  to 
a  flask  containing  culture  medium.  Inoculated  flasks  were  placed  in  a 
shaker/incubator  which  was  programmed  to  begin  operation  (shaking,  125  ±  25 
rpm;  incubation,  37  ±  2*C)  so  that  the  overnight  cultures  were  in  log  phase  or 
late  log  phase  when  turbidity  monitoring  began. 

b.  Harvest 

To  ensure  that  cultures  were  harvested  in  late  log 
phase,  the  length  of  incubation  was  determined  by  spectrophotometric 
monitoring  of  culture  turbidity.  Cultures  were  harvested  once  a  predetermined 
turbidity  was  reached  as  determined  by  a  percent  transmittance  (%T)  reading  on 
a  spectrophotometer.  This  target  turbidity  ensures  that  cultures  have  reached 
a  density  of  at  least  0.5  X  10*  cells  per  ml  and  that  the  cultures  have  not 
overgrown.  Overgrown  (stationary)  cultures  may  exhibit  decreased  sensitivity 
to  some  mutagens.  Cultures  were  removed  from  incubation  when  the  target  %T 
was  reached  and  were  placed  at  5  ±  3*C. 

4.  Confirmation  of  Tester  Strain  Genotypes 

Tester  strain  cultures  were  checked  for  the  following 
genetic  markers  on  the  day  of  their  use  in  the  mutagenicity  assay; 
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a.  rfa  Wall  Mutation 

The  presence  of  the  wall  nutation  was  conflmed  by 
demonstration  of  the  cultures  sensitivity  to  crystal  violet.  An  aliquot  of  an 
overnight  culture  of  each  strain  was  overlaid  onto  plates  containing  selective 
media  and  an  antibiotic  sensitivity  disk  containing  10  pg  of  crystal  violet 
was  added.  Sensitivity  was  demonstrated  by  inhibition  of  bacterial  growth  in 
a  zone  immediately  surrounding  the  disk. 

b.  pKMlOl  Plasmid  R-factor 

The  presence  of  the  pKMlOl  plasmid  was  conflmed  for 
tester  strains  TA98  and  TAlOO  by  demonstration  of  resistance  to  anplcillin. 

An  aliquot  of  an  overnight  culture  of  each  strain  was  overlaid  onto  plates 
containing  selective  media  and  an  antibiotic  sensitivity  disk  containing  10  pg 
of  ampicillin  was  added.  Resistance  was  demonstrated  by  bacterial  growth  in 
the  zone  immediately  surrounding  the  disk. 

c.  Characteristic  Number  of  Spontaneous  Revertants 

The  mean  number  of  spontaneous  revertants  per  plate  in 
Che  vehicle  controls  that  are  characteristic  of  the  respective  strains  were 
demonstrated  by  plating  100  pi  aliquots  of  the  culture  along  with  the 
appropriate  vehicle  on  selective  media. 

5.  Tester  Strain  Media 

a.  Culturing  Broth 

The  broth  used  to  grow  overnight  cultures  of  the 
tester  strains  was  Vogel -Bonner  salt  solution  supplemented  with  2.5%  (w/v) 
Oxoid  Nutrient  Broth  No.  2  (dry  powder). 

b.  Agar  Places 

Bottom  agar  (25  ml  per  15  x  100  mm  peCrl  dish)  was 
Vogel-Bonner  minimal  medium  E  (Vogel  and  Bonner,  1956),  supplemented  with  1.5% 
(U/V)  agar  and  0.2%  (W/V)  glucose. 

c.  Overlay  Agar  for  Selection  of  Histidine  Revertants 

Overlay  (top)  agar  was  prepared  with  0.7%  agar  (W/V) 
and  0.5%  NaCl  (W/V)  and  was  supplemented  with  10  ml  of  0.5  mM  histldlne/blotln 
solution  per  100  ml  agar.  When  S9  mix  is  required,  2.0  ml  of  the  supplemented 
Cop  agar  is  used  in  the  overlay.  However,  when  S9  is  not  required,  water  is 
added  to  the  supplemented  Cop  agar  (0.5  ml  of  water  per  2  ml  of  supplemented 
cop  agar)  and  the  resulting  2.5  ml  of  diluted  supplemented  top  agar  is  used 
for  the  overlay.  This  dilution  ensures  that  the  final  top  agar  and  amino  acid 
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suppleaent  concentrations  remain  the  same  both  in  the  presence  and  absence  of 
S9. 


B.  liver  Micro«>ma»  Ktayme  Reacfioq  Mixture  (S9  Mi») 

1 .  S9  Homogenate 

Liver  microsomal  enzymes  (S9  homogenate)  were  purchased  from 
Molecular  Toxicology,  Inc.,  Annapolis,  MD  20401,  Batch  0327  (37.8  mg  of 
protein  per  ml).  The  homogenate  was  prepared  from  male  Sprague -Davley  rats 
that  had  been  Injected  (l.p.)  with  Aroclor"  1254  (200  mg  per  ml  in  com  oil) 
at  500  mg/kg  as  described  by  Ames  et  al,  1975. 

2.  S9  Mix 

The  S9  mix  was  prepared  immediately  prior  "o  its  use  in  any 
experimental  procedure.  The  S9  mix  contained  the  components  indicated  in 
Table  2. 


TABLE  2.  S9  MIX  COMPONENTS 


HjO 

0.70  ml 

IM  NaHjPO^/NajHPO* ,  pH  7.4 

0.10  ml 

0.25M  Glucose -6 -phosphate 

0.02  ml 

O.IOM  NADP 

0.04  ml 

0.825M  KC1/0.2M  MgCl^ 

0.04  ml 

S9  Homogenate 

9.  1Q....1H1 

1.00  ml 

C  jCttnjrali 

1.  Vehicle  Controls 

Dimethylsulfoxlde  (DMSO,  CAS#  67-68*5,  Sigma  Chemical  Co., 
Lot  30H0608,  99-»-%)  vehicle  controls  were  plated  for  both  tester  strains  in  the 
presence  and  absence  of  S9.  The  vehicle  control  was  plated,  using  a  50  ftl 
aliquot  of  mSO  (equal  to  the  maximum  aliquot  of  test  article  dilution 
plated) ,  along  with  a  100  pi  aliquot  of  the  appropriate  tester  strain  and  a 
500  pi  aliquot  of  S9  (when  necessary),  on  selective  agar. 

2.  Negative  Controls 

Negative  controls  were  plated  for  both  tester  strains  In  the 
presence  and  absence  of  S9.  The  negative  controls  consisted  of  a  100  pi 
aliquot  of  the  appropriate  tester  strain  and  S9  (when  appropriate)  plated  on 
selective  agar. 
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3.  Resin  Controls 

Resin  controls  were  placed  for  both  tester  strains  In  the 
presence  and  absence  of  S9.  A  saisple  of  deionized  water  was  extracted  and 
concentrated  using  the  same  XAD-2  resin  adsorption  procedure  used  for  the  test 
article.  The  resin  control  was  tested  at  a  single  concentration.  The  resin 
controls  consisted  of  a  50  /il  aliquot  of  the  resin  control  extract,  a  100  pi 
aliquot  of  tester  strain  and  an  aliquot  of  S9  (when  appropriate)  plated  on 
selective  agar. 

4.  Positive  Controls 

The  combinations  of  positive  controls,  activation  condition 
and  tester  strains  plated  concurrently  with  the  assay  are  indicated  in 
Table  3. 


TABLE 

3.  POSITIVE  CONTROLS 

Tester 

Cone . 

Strain 

§9  Hls 

Positive  Control 

per  Plate 

TA98 

+ 

2  -  aminoanthracene 

2.5  Mg 

TA98 

- 

2-nltrofluorene 

1.0  Mg 

TAIOO 

+ 

2  - aminoanthracene 

2.5  Mg 

TAIOO 

- 

sodium  azide 

2.0  Mg 

a.  1 

Source  and 

Grade  of  Positive  Control  Artlcl 

2 -aminoanthracene  (CAS  #613-13*8),  Sigma  Chemical  Co., 
practical  grade;  2-nltrofluorene  (CAS  #607-57-8),  Aldrich  Chemical  Co.,  98%; 
sodium  azide  (CAS  #26628-22-8),  Sigma  Chemical  Co.,  practical  grade. 

5.  Sterility  Controls 

a.  S9  Hix 

The  S9  mix  was  checked  for  sterility  by  plating  0.5  ml 

on  selective  agar. 

METHODS 

A.  MotaynScity  Assay 

1.  Design 

The  assay  was  performed  using  tester  strains  TA98  and  TAIOO 
both  in  the  presence  and  absence  of  S9  mix.  Six  dose  levels  of  the  test 
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article  extract  were  tested  along  with  the  appropriate  vehicle,  negative, 
resin  and  positive  controls.  The  dose  levels  tested  were  selected  based  on 
the  amount  of  extractable  organics  recovered  In  the  extraction  procedure. 

2 .  Frequency  and  Route  of  Administration 

The  tester  strains  were  exposed  Co  the  test  article  via  the 
plate  Incorporation  methodology  originally  described  by  Ames  et  al  (1975)  and 
Maron  and  Ames  (1983).  This  methodology  has  been  shown  to  detect  a  wide  range 
of  classes  of  chemical  mutagens.  In  the  plate  incorporation  methodology,  the 
test  article,  the  tester  strain  and  the  S9  mix  (where  appropriate)  are 
combined  In  molten  agar  which  Is  overlaid  onto  a  minimal  agar  plate. 

Following  incubation  at  37  ±  2*C  for  48  ±  8  hr,  revertant  colonies  will  be 
counted.  All  dose  levels  of  test  article,  negative  controls,  resin  controls 
and  positive  controls  were  plated  In  duplicate,  and  the  vehicle  controls  were 
placed  In  triplicate. 

B.  PUtlnf  ProcedttTM 

Each  plate  was  labeled  with  a  code  which  Identified  the  test 
article,  test  phase,  tester  strain,  activation  condition  and  dose  level.  The 
S9  mix  and  dilutions  of  the  test  article  were  prepared  Immediately  prior  to 
their  use. 

When  S9  mix  was  not  required,  100  pi  of  tester  strain  and  50  pi  of  vehicle  or 
test  article  dose  was  added  to  2.5  ml  of  molten  selective  top  agar  (maintained 
at  45  ±  2*C).  When  S9  mix  was  required,  500  pi  of  S9  mix,  100  pi  of  tester 
strain  and  50  pi  of  vehicle  or  test  article  dose  was  added  to  2.0  ml  of  molten 
selective  top  agar.  After  the  required  components  had  been  added,  the  mixture 
was  vortexed  and  overlaid  onto  the  surface  of  25  ml  of  minimal  bottom  agar 
contained  in  a  15  x  100  mm  petri  dish.  After  the  overlay  had  solidified,  the 
plates  were  Inverted  and  incubated  for  48  ±  8  hr  at  37  ±  2*C.  Positive 
controls  and  the  resin  control  were  plated  using  a  50  pi  plating  aliquot. 

c  Scoring  tfec  Hata 

Plates  which  were  not  evaluated  immediately  following  the 
Incubation  period  were  held  at  5  ±  3*C  until  such  time  that  colony  counting 
and  bacterial  background  lawn  evaluation  could  take  place. 

1.  Bacterial  Background  Lawn  Evaluation 

The  condition  of  the  bacterial  background  lawn  was  evaluated 
for  evidence  of  cytotoxicity  and  test  article  precipitate.  Evidence  of 
cytotoxicity  was  scored  relative  to  the  vehicle  control  plate  and  was  recorded 
along  with  the  revertant  counts  for  all  plates  at  that  dose  level  on  the  data 
tables  using  the  code  system  presented  at  the  end  of  the  Materials  and  Methods 
Section. 
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2.  Counting  Revertant  Colonics 

The  number  of  revertant  colonies  per  plate  for  the  vehicle 
controls  and  all  plates  containing  test  article  were  counted  manually.  The 
number  of  revertant  colonies  per  plate  for  the  positive  controls  were  counted 
by  automated  colony  counter. 

D.  Analysis  of  Data 

For  all  replicate  platings,  the  mean  revertants  per  plate  and  the 
standard  deviation  were  calculated.  The  results  of  these  calculations  are 
presented  In  tabular  fora  In  the  Data  Tables  Section  of  this  report. 

EVALUATION  OF  TEST  RESULTS 

Before  assay  data  can  be  evaluated,  the  criteria  for  a  valid  assay  must 
be  met. 

A.  Criteria  For  A  Valid  Assay 

The  following  criteria  are  used  to  determine  a  valid  assay; 

1.  Tester  Strain  Integrity 

a.  rfa  Vail  Nutation 

To  demonstrate  the  presence  of  the  rfa  wall  mutation, 
tester  strain  culture;  must  exhibit  sensitivity  to  crystal  violet. 

b.  pKMlOl  Plasmid 

To  demonstrate  the  presence  of  the  R- factor  plasmid, 
pKMlOl,  cultures  of  tester  strains  TA98  and  TAlOO  must  exhibit  resistance  to 
ampiclllln. 


c.  Characteristic  Number  of  Spontaneous  Revertants 

To  demonstrate  the  requirement  for  histidine,  the 
tester  strain  cultures  must  exhibit  a  characteristic  number  of  spontaneous 
revertants  per  plate  when  plated  along  with  the  vehicle  under  selective 
conditions.  The  acceptable  ranges  for  the  vehicle  controls  are  as  follows: 

TA98  8  -  60 

TAlOO  60  -  240 
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To  demonstrate  that  appropriate  numbers  of  bacteria 
are  plated,  the  density  of  tester  strain  cultures  must  be  greater  than  or 
equal  to  0.5  x  10’  bacteria  per  ml  and/or  have  reached  a  target  level  of 
turbidity  demonstrated  to  produce  cultures  with  a  density  greater  than  or 
equal  to  0.5  x  10’  bacteria  per  ml. 

e.  Positive  Control  Values 

(1)  Positive  Control  Values  in  the  Absence  of  S9  Mix 

To  demonstrate  that  the  tester  strains  are 
capable  of  identifying  a  mutagen,  the  mean  value  of  a  positive  control  for  a 
respective  tester  strain  must  exhibit  at  least  a  3-fold  Increase  over  the  mean 
value  of  the  vehicle  control  for  that  strain. 

(2)  Positive  Control  Values  In  the  Presence  of  S9  Mix 

(S9  Mix  Integrity) 

To  demonstrate  that  the  S9  mix  Is  capable  of 
metabolizing  a  promutagen  to  Its  mutagenic  form(s),  the  mean  value  of  the 
positive  control  for  a  respective  tester  strain  in  the  presence  of  the  S9  mix 
must  exhibit  at  least  a  3 -fold  Increase  over  the  mean  value  of  the  vehicle 
control  for  that  strain. 

An  acceptable  positive  control  In  the  presence  of  S9  for  a  specific  strain 
will  be  evaluated  as  having  demonstrated  both  the  Integrity  of  the  S9  mix  and 
the  ability  of  the  tester  strain  to  detect  a  mutagen. 

2.  Cytotoxicity 

A  minimum  of  three  non- toxic  dose  levels  will  be  required  to 
evaluate  assay  data. 

B.  Criteria  For  A  Positive  Response 

Once  the  criteria  for  a  valid  assay  have  been  met,  responses 
observed  In  the  assay  are  evaluated  as  follows: 

1.  Tester  Strains  TA98  and  TAIQO 

For  a  test  article  to  be  considered  positive,  It  must 
produce  at  least  a  2 -fold  Increase  In  the  mean  revertants  per  plate  of  at 
least  one  of  these  tester  strains  over  the  mean  revertants  per  plate  of  the 
appropriate  vehicle  control.  This  increase  In  the  mean  number  of  revertants 
per  plate  must  be  accompanied  by  a  dose  response  to  Increasing  concentrations 
of  the  test  article. 
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RECORDS  TO  BE  MAINTAINED 

All  raw  data,  reports,  protocols  and  nodlf Icatlons  will  be  maintained  by 
the  Department  of  Molecular  and  Cellular  Toxicology  of  HWA  for  a  period  of  up 
to  two  years  following  submission  of  the  final  report  to  the  Sponsor.  After 
two  years,  all  raw  data  and  reports  will  be  transferred  to  the  HVA  archives 
for  permanent  storage. 
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I 

BACTERIAL  BACKGROUND  LAWN  EVALUATION  CODE  ■ 


The  condition  of  the  background  bacterial  lawn  Is  evaluated  both 
macroscoplcally  and  microscopically  (using  a  dissecting  microscope)  for 
indications  of  cytotoxicity  and  test  article  precipitate  as  follows: 


CODE 

DEFINITION 

CHARACTERISTICS  OF  BACKGROUND  LAWN 

1 

Normal 

A  healthy  microcolony  lawn. 

2 

Slightly 

Reduced 

A  noticeable  thinning  of  the  microcolony  lawn  and  an 
increase  in  the  size  of  the  microcolonies  compared  to 
the  vehicle  control  plate. 

3 

Moderately 

Reduced 

A  marked  thinning  of  the  microcolony  lawn  and  an 
increase  in  the  size  of  the  microcolonies  compared  to 
the  vehicle  control  plate. 

4 

Extremely 

Reduced 

An  extreme  thinning  of  the  microcolony  lawn  and  an 
increase  In  the  size  of  the  microcolonies  compared  to 
the  vehicle  control  plate. 

5 

Absent 

A  complete  lack  of  any  mlcrocolony  lawn. 

6 

Obscured  by 
Precipitate 

The  background  bacterial  lawn  cannot  be  accurately 
evaluated  due  to  microscopic  and/or  macroscopic  test 
article  precipitate. 

Evidence  of  macroscopic  test  article  precipitate  on  the  plates  is  recorded  by 
addition  of  the  following  precipitate  code  to  the  code  number  used  to  evaluate 
the  condition  of  the  background  bacterial  lawn. 

SP 

Slight 

Precipitate 

Noticeable  macroscopic  precipitate  on  the  plate, 
however,  the  precipitate  does  not  influence  automated 
counting  of  the  plate. 

MP 

Moderate 

Precipitate 

The  amount  of  macroscopic  precipitate  on  the  plate 
would  Interfere  with  automated  counting,  thus, 
requiring  the  plate  to  be  hand  counted. 

HP 

Heavy 

Precipitate 

The  large  amount  of  macroscopic  precipitate  on  the 
plate  makes  the  required  hand  counting  difficult. 

Example:  4-MP  would  indicate  a  plate  observed  to  have  an  extremely  reduced 
background  lawn  which  had  to  be  counted  manually  due  to  the  marked  amount  of 
macroscopic  test  article  precipitate. 
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SECTION  IV.  RESULTS  AND  CONCLUSIONS 
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RESULTS 

A.  Test  Article  Handlinf 

The  water  sample,  UV-Oxidatton  Treated,  was  held  at  5  +  3*C  until 
extracted  and  concentrated  by  the  XAD-2  resin  adsorption  as  described  in  the 
"Environmental  Water  Sample  Processing  Protocol  No.  12,  October,  1989." 

The  test  article  (36  liters)  was  passed  through  XAD-2  resin  and  solvent 
exchanged  to  dimethylsulfoxide  (DHSO)  using  the  procedure  described  below. 
Deionized  water  (48  liters)  was  also  processed  in  the  same  manner  as  an 
internal  control  for  the  extraction  procedure  (resin  control). 

A  chromatographic  column  (22  mm  I.D.)  was  slurry-packed  with  15  g  of  XAD-2 
resi.!  and  washed  with  acetone  (CAS#  67-64-1,  Fisher  Scientific,  Lot  900324) 
and  water.  All  extraction  procedures  were  performed  at  5  ±  3*C.  The  test 
article  was  passed  through  the  XAD-2  column  using  gravity  flow  at  a  rate  of  60 
to  80  drops/mln.  Material  adsorbed  to  the  column  was  eluted  with  acetone  and 
methylene  chloride  (CAS#  75-09-2,  Fisher  Scientific,  Lot  890625).  The  eluate 
was  reduced  in  volume  using  a  rotary  evaporator.  Duplicate  aliquots  of  the 
concentrate  were  transferred  to  tared  aluminum  weighing  dishes,  the  solvent 
all  wed  to  evaporate  off,  and  the  amount  of  material  extracted  from  the  water 
samples  determined  gravlmetrlcally.  The  remainder  of  the  extract  was  solvent 
excnanged  into  0.5  ml  dimethylsulfoxide  (DMSO,  CAS#  67-68-5,  Sigma  Chemical 
Co..  Lot  30H0608,  99+%). 


Extractable  Organics 

Sample  Volume 


UV-Oxidation  Treated 


36  Liters 


Extractives 
nig/0.5  ml 


1.8 


Resin  Control  (deionized  water)  48  Liters  0.0 

B.  Dose  SdectloB 

Since  the  amount  of  the  sample  available  for  the  assay  was 
limited,  no  dose  rangefinding  study  was  performed  on  this  sample.  Routinely, 
between  50  to  75%  of  the  available  extract  will  be  used  in  the  initial 
mutagenicity  assay,  with  the  remaining  extract  reserved  for  possible  retesting 
and  confirmation  studies.  The  total  amount  of  extractives  obtained  after 
processing  36  liters  of  the  sample  through  XAD-2  resin  was  1.8  mg  in  a  volume 
of  0.5  ml  DMSO.  The  deionized  water  (48  liters)  passed  through  XAD-2  resin 
had  a  total  extractives  of  0.0  mg  in  a  volume  of  0.5  ml  DMSO.  The  amount  of 
the  extractives  obtained  from  the  deionized  water  control  was  deducted  from 
the  total  extractives  of  the  test  sample  (1.8  mg  -  0.0  mg  -  1.8  mg)  to 
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calculate  the  doses  used  In  the  mutagenicity  assay.  Based  on  the  amount  of 
available  extractives,  the  test  sample  extract  was  assayed  at  six  doses,  75.0, 
24.9,  12.6,  7.50,  2.49  and  1.26  (tg  of  extractives  per  plate  using  two  plates 
per  dose  level. 

C  Moteyokity  Assay 

The  dose  levels  selected  for  the  mutagenicity  assay  ranged  from 
75.0  to  1.26  ng  per  plate  In  both  the  presence  and  absence  of  S9. 

The  mutagenicity  assay  results  for  UV-Oxldation  Treated  are  presented  In 
Tables  1  and  2.  These  data  were  generated  In  Experiment  1454S-B1.  The  data 
are  presented  as  mean  revertants  per  plate  +  standard  deviation  for  each 
treatment  and  control  group  (Table  2)  and  as  Individual  plate  counts  (Table 
1). 

In  Experiment  14545 -Bl,  all  data  were  acceptable  and  no  positive  Increases  In 
the  number  of  histidine  revertants  per  plate  were  observed  with  tester  strains 
TA98  or  TAIOO  In  either  the  presence  or  absence  of  S9, 

All  criteria  for  a  valid  study  were  met. 

CONCLUSIONS 

The  results  of  the  Salaonella/Mammallan-Mlcrosome  Reverse  Mutation  Assay 
(Ames  Test)  Modified  for  XAO-2  Resin  Extracts  Indicate  that  under  the 
conditions  of  this  study,  an  extract  of  Johns  Hopkins  University's  test 
article,  UV-Oxldatlon  Treated,  did  not  cause  a  positive  Increase  In  the  number 
of  histidine  revertants  per  plate  with  tester  strains  TA98  and  TAIOO  either  In 
the  presence  or  absence  of  microsomal  enzymes  prepared  from  Aroclor™- induced 
rat  liver. 
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TABLE  1 

INDIVIDUAL  PLATE  COUNTS 


EXPERIMENT  ID; 

14545-Bl 

TEST  ARTICLE  ID: 

UV-Oxldatlon  Treated 

DATE  PLATED: 

15-May-91 

VEHICLE:  DMSO 

DATE  COUNTED: 

20-May-91 

PLATING  ALIQUOT; 

50  Ml 

DOSI/PLATl _ 

BEVBBTARS 

TA9B 

PBB 

PIATB 

TAIOO 

BACBCBOOm) 

LAM* 

1 

2  1 

1 

2  1 

M7CSOSCKBS;  Bat  Llvar 

BZSia  COMTBOL 

27 

17 

176 

139 

1 

NZCATm  CONTBOL 

10 

11 

100 

101 

1 

VEBICLZ  COMTBOL 

11 

11  29 

101 

101  92 

1 

TEST  ABTICLB 

1.26 

19 

41 

104 

90 

1 

2.49 

At 

M 

39 

106 

123 

1 

7.90 

MS 

11 

11 

102 

106 

1 

12.6 

MS 

1« 

90 

114 

ISO 

1 

24.9 

MS 

14 

44 

111 

121 

1 

79.0 

MS 

4* 

39 

116 

129 

1 

POSITIVl  COMTBOL 

aa 

914 

1111 

loss 

1200 

1 

KICBOSOKBS:  Bona 

BESIB  OOMTBOL 

19 

10 

M 

99 

1 

BECATITI  COMTBOL 

2S 

21 

79 

61 

1 

VEBICLB  COMTBOL 

21 

20  27 

67 

SI  S6 

1 

TEST  ABTICLB 

1  26  as 

17 

IS 

SO 

S2 

1 

2.49  ws 

26 

19 

7S 

S7 

1 

7.90  MS 

17 

17 

70 

SO 

1 

12.6  MS 

30 

19 

112 

S2 

1 

26.9  MS 

20 

22 

99 

119 

1 

79.0  MS 

7 

10 

41 

94 

1 

POSITIVE  COMTBOL 

aaa 

120 

190 

179 

429 

1 

*■  TAM  2-aaU>aanthrac«n*  2.9  ttf/plat* 

TAIOO  2-aalneantbraeana  2.9  pf/plata 


•••  TAM 

TAIOO 


2*altroflueraiia  1.0  pp/plata 
aodlvB  aalda  2.0  M«/plata 


a  Background  Lavn  Evaluation 
1  -  nonaal 

t  •  aatroBalp  raducad 
ip  alight  ptaclpltata 


2  •  allghtlp  raducad 
9  <•  abaant 

ap  -  Bodarata  praelpltata 
(raqutraa  hand  cowit) 


9  •  Bodarataly  raducad 
t  >  obacurad  by  praelpltata 
bp  •  haavy  praelpltata 

(raqulraa  hand  count) 
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EXPERIMENT  ID:  14545-Bl 
DATE  PLATED:  15 -May -91 
DATE  COUNTED:  20 -May -91 


TABLE  2 

SUMMARY  OF  TEST  RESULTS 

TEST  ARTICLE  ID:  UV-Oxidatlon  Treated 

VEHICLE:  WISO 

PLATING  ALIQUOT:  50  /il 


KEAI  UVESTAjrrS  pn  PLATl 
UITB  STAHDASD  DtVUTIM* 


DOSE/PLATt _ XA»| _ 

HEAR  S.D. 


_ XAUS _ 

HEAR  S.D. 


MICROSOKES:  Eat  tlvar 
EESIR  CONTROL 
HECATm  CONTROL 
VEHICLE  CONTROL 

TEST  ARTICLE  1.26  MS 

2.**  M 
1.50  <ii 
12.6  MS 
24.9  MS 
75.0  MS 

POSITIVE  CONTROL  •• 


KICROSOKES:  Nona 
RESIH  CONTROL 
NEGATIVE  CONTROL 
VEHICLE  CONTROL 

TEST  ARTICLE  1 . 26  MS 

2.49  MS 

7.50  MS 
12.6  MS 
24.9  MS 
75.0  MS 

POSITIVE  CONTROL 


32 

7 

136 

29 

31 

1 

101 

1 

31 

2 

99 

6 

40 

1 

97 

10 

39 

1 

115 

12 

32 

1 

104 

1 

44 

S 

132 

25 

19 

7 

127 

S 

42 

9 

111 

5 

1034 

141 

1141 

SI 

11 

4 

97 

2 

26 

a 

6S 

10 

21 

4 

79 

10 

IS 

1 

81 

1 

23 

3 

83 

6 

17 

0 

75 

7 

25 

s 

97 

21 

21 

1 

107 

17 

9 

2 

48 

9 

155 

49 

402 

38 

BACRCROORD 

LAW* 


1 

1 

1 

1 

1 

1 

1 

1 

I 

1 


1 

1 

1 

1 

1 

1 

1 

1 

5 

1 


**  TASS  2-MLnoaisthr«c«na  2.5  MS^pIata 

TAIOO  2-aaliieanthrac*n«  2.5  it%l 


•••  TASS 
TAIOO 


2-altrofluot«na  1.0  MS/pIata 
(odlva  ailda  2.0  MS7pl*t« 


*  Backsround  L«vn  Evaluation 
1  •  normal 

4  a  ajrtraaalp  taducad 
ap  -  allsht  praclpltata 


Codas: 

2  •  altsHclp  raduead 

S  •  abaant 

■p  •  Bodarata  praclpltata 
(raqulras  hand  count) 


3  •'  Bodaratalp  raduead 
6  •  obactirad  bp  praclpltata 
bp  •  haavp  praclpltata 

(raqulraa  haird  count) 
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SUMMARY 

A.  Introdoctioo 

At  the  requesw  of  Johns  Hopkins  University,  Hazleton  Washington, 
Inc.  examined  water  sample  Carbon  Treated  Water  for  mutagenic  activity  In  the 
Salmonella/  Mammalian-Microsome  Reverse  Mutation  Assay  (Ames  Test)  Modified 
for  Direct  Water  Samples.  This  assay  evaluates  the  test  article  and/or  its 
metabolites  for  their  ability  to  Induce  reverse  mutations  at  the  histidine 
locus  In  the  genome  of  specific  Salmonella  tvphlmurlun  tester  strains  both  in 
the  presence  and  absence  of  an  exogenous  metabolic  activation  system  of 
mammalian  microsomal  enzymes  derived  from  Aroclor- Induced  rat  liver. 

The  tester  strains  used  in  this  study  were  TA98  and  TAlOO.  The  assay  was 
conducted  using  two  plates  per  dose  level  In  the  presence  and  absence  of 
microsomal  enzymes.  Six  dose  levels  of  the  test  article,  3.00,  2.00,  1.00, 
0.500,  0.200  and  0.100  ml  per  plate,  were  tested  in  both  the  presence  and 
absence  of  S9  along  with  the  appropriate  vehicle  controls  (three  plates  per 
dose),  negative  controls  and  positive  controls. 


Copclosions 

The  results  of  the  Salmonella/Mammallan-Microsome  Reverse  Mutation 
Assay  (Ames  Test)  Modified  for  Direct  Water  Samples  indicate  that  under  the 
conditions  of  this  study,  Johns  Hopkins  University’s  test  article.  Carbon 
Treated  Water,  did  not  cause  a  positive  increase  in  the  numbers  of  histidine 
revertants  per  plate  with  tester  strains  TA98  and  TAlOO  either  in  the  presence 
or  absence  of  microsomal  enzymes  prepared  from  Aroclor- induced  rat  liver. 
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STUDY  INFORMATION 

A.  Sponsor:  Johns  Hopkins  University 

B.  Test  Article:  Carbon  Treated  Veter 

1.  Physical  Description:  clear  colorless  liquid 

2.  Date  Received:  OS/01/91 

C.  Type  of  Assay:  Salmonella/Mammal Ian -Mlcrosome  Reverse  Mutation 

Assay  (Aaes  Test)  Modified  for  Direct  Water 
Samples 

1.  Protocol  Number:  HWA  Protocol  401W,  Edition  16 

2.  HWA  Study  Number:  14546 -0-401W 

D.  Study  Dates 

1.  Study  Initiation  Date:  05/01/91 

2.  Test  Initiation  In  the  Laboratory:  05/02/91 

3.  Test  Completion  In  the  Laboratory:  05/09/91 

E.  Study  Personnel 

Study  Director:  Timothy  E.  Lawlor,  M.A. 

Laboratory  Supervisor:  Michael  S.  Mecchi,  B.S. 

Technician:  Theodora  Brown 
Technician:  Sow  Hoong  Hon.  B.S. 


14S46-0-401W  8 


AS-8 


A5-9 


HAZLEtOrM 

WASHINGTON 


MATERIALS  AND  METHODS 

The  experlmenCal  materials,  methods  and  procedures  are  based  on  those 
described  by  Ames  et  al  (1975). 

A.  Media  and  Reaynts 

1.  Top  Apar  for  Selection  of  Histidine  Revertants:  Since 
different  volumes  of  neat  water  sample  will  be  added  directly  to  the  tubes 
containing  top  agar,  it  is  necessary  to  prepare  tubes  containing  different 
concentrations  of  top  agar  components  (agar,  NaCl,  histidine  and  biotin),  such 
that  once  the  appropriate  volume  of  water  sample  has  been  added,  the  top  agar 
component  concentration  In  all  top  agar  tubes  will  be  comparable.  A  series  of 
top  agar  tubes  was  prepared  as  follows: 


Top  Afar 
Tub« 

Top  Afsr 
Coopofioot 
Conr.ancratlon  (1) 

•1  of  0.3aM  Blatldlao/ 
Biotin  Solution  Addad 
por  ■!  of  Top  Aaar 

aI  of  SuppiMontod 
Top  A^ar  Adda4 
par  Tuba 

■1  of  Toat 

Article 

Added  por  Tuba 

1.0  X 

A«ac 

RaCl 

0.60 

0.30 

0.07 

1.0 

0.1 

1.0  X 

A«»r 

RaCl 

0.60 

0.30 

0.07 

1.0 

0.2 

l.S  X 

Acar 

■aCl 

0.72 

0.60 

o.os 

2.3 

0.5 

2.0  X 

A««r 

■aCl 

0.90 

0.73 

0.10 

2.0 

1.0 

1.0  X 

*•*» 

Mael 

1.00 

1.50 

0.20 

1.0 

2.0 

«.0  X 

Afar 

laCl 

2.60 

2.00 

0.2S 

1.0 

1.0 

2.  Minimal  Bottom  Aj^ar:  Bottom  agar  was  Vogel -Bonner  minimal 
medium  E  (Vogel  and  Bonner,  1956),  supplemented  with  1.5%  (W/V)  agav  and  0.2% 
<W/V)  glucose, 

3.  Nutrient  Broth:  Nutrient  Broth  used  for  growing  overnight 
cultures  of  the  tester  strains  was  Vogel-Bonner  salt  solution  (Vogel  and 
Bonner,  1956)  supplemented  with  2.5%  (v/v)  Oxold  Nutrient  Broth  No.  2  (dry 
powder) . 

4.  Exogenous  Metabolic  Activation 

a.  Liver  Microsomal  Enzymes  -  S9  Homogenate:  S9  Liver 
homogenate  for  use  In  the  mutagenicity  assay,  prepared  as  described  below,  was 
purchased  from  Molecular  Toxicology,  Inc.,  Annapolis,  MD  21401,  Batch  0327, 
37.8  mg  of  protein  per  ml. 
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1)  Species.  Strain.  Sex.  Inducer:  Liver  Bicrosoiial 
enzymes  were  prepared  from  male  Sprague -Dawley  rats  that  had  been  Injected 
with  Aroclor  1254  (200  mg  per  ml  In  com  oil)  at  500  mg/kg.  Five  days  after 
l.p.  Injection  with  the  Aroclor,  the  rats  were  sacrificed  by  decapitation,  and 
their  livers  were  excised. 

2)  Homogenate  Preparation:  The  preparation  of  the 
microsomal  enzyme  fraction  was  carried  out  with  sterile  glassware  and 
solutions  at  6  +  4*C.  The  livers  were  excised,  weighed,  and  placed  In  a 
beaker  containing  3  ml  of  0.15M  KCl  per  gram  of  wet  liver,  and  homogenized. 

The  homogenate  was  centrifuged  at  9000  x  g  for  10  minutes.  Small  aliquots  of 
the  supernatant  (referred  to  by  Ames  as  the  S9  fraction)  were  distributed  Into 
freezing  ampules  which  were  stored  at  ^  -65*0. 

3)  S9  Characterization:  The  S9  homogenate  was 
characterized  (using  the  Ames  Assay)  for  Its  ability  to  metabolize  selected 
promutagens  to  their  mutagenic  forms,  as  described  by  deSerres  and  Shelby 
(1979) . 

b,  S9  Mix:  The  S9  mix  was  prepared  Immediately  before 
Its  use  in  the  mutagenicity  assay.  One  ml  of  the  microsomal  enzyme  reaction 
mixture  (S9  mix)  contained  the  following  components; 


HjO  0.70  ml 
l.OOM  NaHjP0*/NajHP0* ,  pH  7.4  0.10  ml 
0.2SH  GIucose-6*phosphaCe  0.02  ml 
O.lOH  NAOP  0.04  ml 
0.2M  MgCV0.825M  KCl  0.04  ml 
S9  Homogenate  0,10  ml 

1.00  ml 


When  required,  0.5  ml  of  the  S9  mix  was  added  to  the  soft  agar  overlay  per 
plate . 

B.  Test  System 

1.  Iggtfg  Stcfltna 

The  tester  strains  used  were  the  Salmonella 
histidine  auxotrophs  TA98  and  TAlOO  as  described  by  Ames  et  al  (1975). 


TESTER  STRAIM  GENOTYPES 


_ Histidine  Mutation _ 

Additional 

Mutations 

hlsG46 

hlsD3052 

LPS  Repair 

R  Factor 

lAlQQ _ 

_ TA98 

rfa  uvrB 

_ ±K _ 
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In  addition  to  a  mutation  In  the  histidine  operon,  the  tester  strains  contain 
two  additional  mutations  which  enhance  their  sensitivity  to  some  mutagenic 
compounds.  The  rfa  wall  mutation  results  in  the  loss  of  one  of  the  enzymes 
responsible  for  the  synthesis  of  part  of  the  llpopolysaccharide  barrier  that 
forms  the  surface  of  the  bacterial  cell  wall.  The  resulting  cell  wall 
deficiency  increases  permeability  to  certain  classes  of  chemicals  such  as 
those  containing  large  ring  systems  (l.e.  benzo (a) pyrene)  that  would  otherwise 
be  excluded  by  a  normal  intact  cell  wall. 

The  second  mutation,  a  deletion  of  the  yv^B  gene,  results  in  a  deficient  MIA 
excision  repair  system  which  greatly  enhances  the  sensitivity  of  these  strains 
to  some  mutagens.  Since  the  uvrB  deletion  extends  through  the  bio  gene,  all 
of  the  tester  strains  containing  this  deletion  also  require  the  vitamin  biotin 
for  growth. 

Strains  TA98  and  TAlOO  also  contain  the  R-factor  plasmid,  pKMlOl,  which 
further  increases  the  sensitivity  of  these  strains  to  some  mutagens.  The 
mechanism  by  which  this  plasmid  increases  sensitivity  to  mutagens  has  been 
suggested  to  be  by  modifying  an  existing  bacterial  DNA  repair  polymerase 
complex  involved  with  the  mismatch- repair  process. 

Tester  strain  TA98  is  reverted  from  histidine  dependence  (auxotrophy)  to 
histidine  independence  (prototropy)  by  frameshlft  mutagens.  Tester  strain 
TAlOO  is  reverted  by  mutagens  which  cause  both  frameshifts  and  base 
substitutions . 


a.  Source  of  Tester  Strains:  The  tester  strains  in  use  at  HWA 
were  received  directly  from  Dr.  Bruce  Ames,  Department  of  Biochemistry, 
University  of  California,  Berkeley. 

b.  Storage  of  the  Tester  Strains 

1)  Frozen  Permanent  Stocks:  Frozen  permanent  stocks  were 
prepared  by  growing  fresh  overnight  cultures,  adding  DHSO  (0.09  ml/ml  of 
culture)  and  freezing  small  aliquots  (approximately  0.5  -  1.5  ml)  at  <-65*C. 

2)  Master  Plates:  Master  plates  were  prepared  by 
streaking  each  tester  strain  from  a  frozen  permanent  stock  onto  minimal  agar 
appropriately  supplemented  with  histidine  (260  /iM) ,  biotin  (3  tM) ,  and 
ampicillin  (25  pg/ml).  Tester  strain  master  plates  were  stored  at  6  t 

c.  Preparation  of  Overnight  Cultures:  Overnight  cultures  were 
prepared  by  transferring  a  colony  from  the  appropriate  master  plate  to  a  flask 
containing  culture  medium.  In  order  to  assure  that  cultures  were  harvested  in 
late  log  phase,  the  length  of  incubation  was  determined  by  spectrophotometrlc 
monitoring.  Inoculated  flasks  were  placed  in  a  shaker/incubator  which  was 
programmed  to  begin  operation  (shaking,  125  ±  25  rpm;  incubation,  37  ^  2*C)  so 
that  the  overnight  cultures  were  in  log  phase  or  late  log  phase  when  turbidity 
monitoring  began.  Cultures  were  harvested  once  a  predetermined  turbidity  was 
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reached  as  determined  by  a  percent  transmittance  (%T)  reading  on  a 
spectrophotometer.  Overgrowth  of  cultures  can  result  In  their  loss  of 
sensitivity  to  some  mutagens.  Cultures  were  removed  from  Incubation  when  the 
target  %T  was  reached. 

d.  Confirmation  of  Tester  Strain  Genotypes:  Tester  strain 
cultures  were  checked  for  the  following  genetic  markers  on  the  day  of  their 
use  In  the  mutagenicity  assay; 

1)  rfa  Wall  Mutation:  The  presence  of  the  rfa  wall 
mutation  was  confirmed  by  demonstration  of  sensitivity  to  crystal  violet.  An 
aliquot  of  an  overnight  culture  of  each  strain  was  overlaid  onto  plates 
containing  selective  media  and  an  antibiotic  sensitivity  disk  containing  10  /ig 
of  crystal  violet  was  added.  Sensitivity  was  demonstrated  by  inhibition  of 
bacterial  growth  in  a  zone  immediately  surrounding  the  disk. 

2)  pKMlOl  Plasmid  R- factor:  The  presence  of  the  pKMlOl 
plasmid  was  confirmed  for  tester  strains  TA98  and  TAlOO  by  demonstration  of 
resistance  to  ampicillin.  An  aliquot  of  an  overnight  culture  of  each  strain 
was  overlaid  onto  plates  containing  selective  media  and  an  antibiotic 
sensitivity  disk  containing  10  /tg  of  ampicillin  was  added.  Resistance  was 
demonstrated  by  bacterial  growth  in  the  zone  immediately  surrounding  the  disk. 

3)  Characteristic  Number  of  Spontaneous  Revertants:  The 
mean  number  of  spontaneous  revertants  per  plate  in  the  vehicle  controls  that 
are  characteristic  of  the  respective  strains  were  demonstrated  by  plating 
100  pi  aliquots  of  the  culture  along  with  3.00  ml  of  deionized  water  on 
selective  media. 

C  Experimental  Pesipi 

1.  Mutagenicity  Assay 

The  mutagenicity  assay  was  performed  using  tester  strains 
TA98  and  TAlOO,  both  in  the  presence  ar.l  absence  of  microsomal  enzymes  (S9 
mix).  Six  dose  levels  of  the  test  article,  3.00,  2.00,  1.00,  0.50,  0.20  and 
0.10  ml  per  plate,  were  tested  along  with  the  appropriate  vehicle,  negative, 
and  positive  controls  as  specified  by  the  New  Jersey  Department  of 
Environmental  Protection.  If  the  test  article  exhibited  toxicity  in  the  assay 
in  two  or  more  doses,  the  assay  would  be  repeated  at  lower  concentrations. 

a.  Frequency  and  Route  of  Administration:  The  test 
system  was  exposed  to  the  test  article  via  the  plate  incorporation  methodology 
originally  described  by  Ames  et  al  (1975)  and  Maron  and  Ames  (1983).  This 
methodology  has  been  shown  to  detect  a  wide  range  of  classes  of  chemical 
mutagens.  All  dose  levels  of  test  article,  negative  controls,  and  positive 
controls  were  plated  in  duplicate  and  the  vehicle  controls  were  plated  in 
triplicate. 
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1 .  Positive  Controls 

Combinations  of  positive  controls  and  tester  strains  plated 
concurrently  with  the  assay  are  listed  below. 

POSITIVE  CONTROL  AND  TESTER  STRAIN  COMBINATIONS 


Tester 

Strain 

S9  Mix 

£o8itive  Control 

Cone . 

p?r. Flats 

TA98 

+ 

2  *  amlnoanthracene 

2.5  pg 

TA98 

- 

2-nitrofluorene 

1.0  pg 

TAIOO 

+ 

2 - amlnoanthracene 

2.5  pg 

TAIOO 

- 

sodium  azide 

2.0  pg 

a.  Source  and  Grade  of  Positive  Control  Articles: 
2-amlnoanthracene  (CAS  #613-13>8),  Sigma  Chemical  Co.,  practical  grade; 
2-nltrofluorene  (CAS  #607*57-8),  Aldrich  Chemical  Co.,  98%;  sodium  azide  (CAS 
#26628-22*8),  Sigma  Chemical  Co.,  practical  grade. 

2.  Vehicle  Controls 

Sterilized  deionized  water  (HWA  Batch  #193)  vehicle  controls 
were  plated  for  both  tester  strains  In  the  presence  and  absence  of  S9.  The 
vehicle  controls  consisted  of  a  3.0  ml  aliquot  of  deionized  water  (equal  to 
the  maximum  aliquot  of  test  article  plated),  along  with  an  aliquot  of  the 
appropriate  tester  strain  and  an  aliquot  of  S9  mix  (when  appropriate) ,  plated 
on  selective  agar. 


3.  Negative  Controls 

Negative  controls  were  plated  for  both  tester  strains  In  the 
presence  and  absence  of  S9.  The  negative  controls  consisted  of  an  aliquot  of 
the  appropriate  tester  strain  and  S9  mix  (when  appropriate),  plated  on 
selective  agar. 

4.  Sterility  Controls 

a.  S9  Mix  Sterility  Determination:  In  order  to  determine 
the  sterility  of  the  S9  mix,  a  0.5  ml  aliquot  was  plated  on  selective  agar. 

E.  Platlpg  Procgdurea 

The  plating  procedures  employed  are  similar  to  those  described  by 
Ames  et  al  (1975) . 


14546 -0-401W 


14 


A5-14 


HAZLSTOIX 

WASHINGTON 


1.  Test  System  Identification 

Each  plate  was  labeled  with  a  code  system  which  Identified 
the  test  article,  tester  strain,  test  phase,  dose  level,  and  activation 
condition. 

2.  Test  Article  Platin£  Procedure 

The  S9  mix  was  prepared  immediately  before  its  use  in  the 
experimental  procedure.  An  aliquot  of  tester  strain  (100  ,  the  appropriate 

volume  of  vehicle  or  neat  test  article,  and  0.5  ml  of  S9  mix  (trhen  necessary) 
were  added  to  an  appropriate  amount  and  concentration  of  molten  selective  top 
agar  (See  III.A.l.)  held  in  a  13  x  100  mm  test  tube  at  45  ±  2*C.  After 
vortexing,  the  mixture  was  overlaid  onto  the  surface  of  25  ml  of  minimal 
bottom  agar  contained  in  a  IS  x  100  mm  petri  dish.  After  the  overlay  had 
solidified,  the  plates  were  inverted  and  incubated  for  48+8  hours  at 
37  ±  2'C. 

F.  Scoring  Plates 

Plates  which  were  not  scored  immediately  after  the  48+8  hour 
incubation  period  were  held  at  6  +  4*C  until  such  time  that  scoring  could 
occur . 


1.  Colony  Counting 

Revertant  colonies  for  the  negative,  vehicle,  and  test 
article  treated  plates  were  counted  by  hand.  The  positive  control  plates  were 
counted  by  automated  colony  counter. 

2.  Evaluation  of  the  Bacterial  Background  Uwn 

The  condition  of  the  background  bacterial  lawn  was  evaluated 
for  evidence  of  test  article  cytotoxicity  and  precipitate.  The  cytotoxicity 
was  scored  relative  to  the  vehicle  control  plate  and  is  noted  along  with  the 
revertant  counts  for  all  plates  at  that  dose  level  on  the  data  tables  using 
the  code  system  presented  at  the  end  of  the  Materials  and  Methods  Section. 

3.  Analysis  of  the  Data 

For  all  replicate  platings,  the  mean  number  of  revertants 

per  plate  was  calculated  and  the  standard  deviation  around  the  mean  was  also 
calculated.  The  results  of  these  calculations  are  presented  in  tabular  form 
in  the  Data  Tables  Section  of  this  report. 
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G.  CritCTiafec  PgienBlBatloD  of  i  VaUd  T«t 


valid: 


The  following  criteria  must  be  aet  for  the  assay  to  be  considered 


1.  Tester  Strain  Integrity 

a.  rfa  Wall  Mutation:  In  order  to  demonstrate  the 
presence  of  the  deep  rough  mutation,  tester  strain  cultures  must  exhibit 
sensitivity  to  crystal  violet. 

b.  oKMlOl  Plasmid  R- Factor:  In  order  to  demonstrate  the 
presence  of  the  pKMlOl  Plasmid  R- factor,  tester  strains  TA98  and  TAlOO  must 
exhibit  resistance  to  ampicillin. 


c.  Characteristic  Number  of  Spontaneous  Revertants: 
Tester  strain  cultures  must  exhibit  a  characteristic  number  of  spontaneous 
revertants  per  plate  in  the  vehicle  controls.  The  acceptable  ranges  are  as 
follows : 


TA98  8  -  60 

TAlOO  60  -  240 

d.  Tester  Strain  Titers:  In  order  to  ensure  that 
appropriate  numbers  of  bacteria  are  plated,  tester  strain  culture  titers  must 
bs  greater  than  or  equal  to  5.0  x  10*  and/or  have  reached  a  target  level  of 
turbidity  demonstrated  to  produce  cultures  with  titers  greater  than  or  equal 
to  5.0  X  10*. 


e.  Positive  Control  Values:  All  positive  controls  must 
exhibit  at  least  a  three -fold  increase  in  the  number  of  revertants  per  plate 
over  the  mean  value  for  the  vehicle  control  for  the  respective  strain. 

2.  Cytotoxicity 

a.  Acceptable  Number  of  Non- toxic  Dose  Levels:  A  minimum 
of  three  non- toxic  dose  levels  are  required  to  evaluate  assay  data. 

H.  Eyaloatloo  of  Test  Resnlti 

1.  Tester  Strains  TA98  and  TAIOQ 

For  a  test  article  to  be  considered  positive,  it  must  cause 
aC  least  a  2 -fold  Increase  in  the  mean  revertants  per  plate  of  at  least  one 
tester  strain  over  the  mean  vehicle  control  value  for  that  tester  strain. 

This  increase  in  the  mean  number  of  revertants  per  plate  must  be  accompanied 
by  a  dose  response  to  increasing  concentrations  of  the  test  article. 
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The  condition  of  the  background  bacterial  la%m  la  evaluated  both 
nacroscoplcally  and  microscopically  (using  a  dissecting  microscope)  for 
Indications  of  cytotoxicity  and  test  article  precipitate  as  follows: 

CODE  DEFINITION  CHARACTERISTICS  OF  BACKGROUND  Ij\UN 


1 

Normal 

A  healthy  microcolony  lawn. 

2 

subtly 

Reduced 

A  noticeable  thinning  of  the  microcolony  lawn  and  an 
Increase  In  the  size  of  the  mlcrocolonles  compared  to 
the  vehicle  control  plate. 

3 

Moderately 

Reduced 

A  marked  thinning  of  the  microcolony  lawn  and  an 
increase  In  the  size  of  the  mlcrocolonles  compared  to 
the  vehicle  control  plate. 

4 

Extremely 

Reduced 

An  extreme  thinning  of  the  microcolony  lawn  and  an 
Increase  In  the  size  of  the  mlcrocolonles  compared  to 
the  vehicle  control  plate. 

5 

Absent 

A  complete  lack  of  any  microcolony  lawn. 

6 

Obscured  by 
Precipitate 

The  background  bacterial  lawn  cannot  be  accurately 
evaluated  due  to  microscopic  and/or  macroscopic  test 
article  precipitate. 

Evidence  of  macroscopic  test  article  precipitate  on  the  plates  Is  recorded  by 
addition  of  the  following  precipitate  code  to  the  code  number  used  to  evaluate 
the  condition  of  the  background  bacterial  lawn. 

SP 

Slight 

Precipitate 

Noticeable  macroscopic  precipitate  on  the  plate, 
however,  the  precipitate  does  not  Influence  automated 
counting  of  the  plate. 

MP 

Moderate 

Precipitate 

The  amount  of  macroscopic  precipitate  on  the  plate 
would  Interfere  with  automated  counting,  thus, 
requiring  the  plate  to  be  hand  counted. 

HP 

Heavy 

Precipitate 

The  large  amount  of  macroscopic  precipitate  on  the 
plate  makes  the  required  hand  counting  difficult. 

Example:  4-MP  would  Indicate  a  plate  observed  to  have  an  extremely  reduced 
background  lawn  which  had  to  be  counted  manually  due  to  the  marked  amount  of 
macroscopic  test  article  precipitate. 
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SECTION  IV.  RESULTS  AND  CONCLUSIONS 
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RESULTS 

A.  Test  Article  HagdUng 

The  water  sanple,  Carbon  Treated  Water,  was  stored  refrigerated  at 
5  ±  3*C  until  used  In  the  assay.  The  test  article  was  filter  sterilized  using 
a  0.45  fiiM  filter  to  remove  any  particulate  matter  and  possible  bacterial  or 
other  contaminant  that  would  interfere  with  the  assay. 

B.  MBtagttlcity  Assay 

The  dose  levels  selected  for  the  mutagenicity  assay  were  3.00, 
2.00,  1.00,  0.500,  0.200,  and  0.100  ml  of  unconcentrated  test  article  per 
plate  in  the  presence  and  absence  of  S9,  as  specified  by  the  New  Jersey 
Department  of  Environmental  Protection.  The  mutagenicity  assay  results  for 
Carbon  Treated  Water  are  presented  in  Tables  1  and  2.  These  data  were 
generated  in  Experiment  14546-Bl.  The  data  are  presented  as  mean  revertants 
per  plate  ±  standard  deviation  for  each  treatment  and  control  group  (Table  2) 
and  as  individual  plate  counts  (Table  1)  . 

In  Experiment  14546-Bl,  all  data  were  acceptable  and  no  positive  increases  in 
the  number  of  histidine  revertants  per  plate  were  observed. 

All  criteria  for  a  valid  study  were  met. 


CONCLUSIONS 

The  results  of  the  Salmonella/Maamalian-Microsome  Reverse  Mutation  Assay 
(Ames  Test)  Modified  for  Direct  Water  Samples  Indicate  that  under  the 
conditions  of  this  study,  Johns  Hopkins  University's  test  article.  Carbon 
Treated  Water,  did  not  cause  a  positive  increase  in  the  number  of  histidine 
revertants  per  plate  with  tester  strains  TA98  and  TAlOO  either  in  the  presence 
or  absence  of  microsomal  enzymes  prepared  from  Aroclor- induced  rat  liver. 
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INDIVIDUAL  PLATE  COUNTS 


TEST  ARTICLE  ID: 
EXPERIMENT  ID: 
DATE  PLATED: 


Carbon  Treated  Water 

14546-Bl 

02-May-91 


VEHICLE:  Sterile  deionized  water 
DATE  COUNTED:  09 -May- 91 


DOSE/PUTE 

BEVZSTAMTS 

TAM _ _ 

pn 

PLATS 

TAIOO 

BACZCBOOID 

LAUB* 

1 

2 

5 

1 

2  3 

HTCSOSOMES.  Bat  Llaar 

HXCATIVB  COMTBOL 

}« 

27 

117 

107 

1 

VEBICLB  COHTKOL 

27 

27 

23 

157 

132  103 

1 

TEST  ABTIOJt  0.100 

ml 

36 

23 

■C 

MC 

1 

0.200 

ml 

34 

33 

MC 

HC 

1 

0.500 

ml 

35 

27 

110 

93 

1 

1.00 

ml 

29 

26 

139 

123 

1 

2.00 

ml 

37 

30 

122 

115 

1 

3.00 

al 

29 

26 

119 

110 

1 

POSITIVI  CtWTSOL  •• 

1131 

959 

765 

751 

1 

KICBOSOMSS!  Mona 
MECATm  COMTBOL 

25 

16 

*6 

75 

1 

VEBICLB  CONTROL 

22 

12  12 

117 

92  06 

1 

TEST  ARTICLE 

0.100 

al 

15 

12 

97 

09 

1 

0.200 

al 

23 

23 

115 

104 

1 

0.500 

al 

19 

17 

117 

105 

1 

1.00 

al 

17 

14 

129 

109 

1 

2.00 

al 

16 

13 

93 

•9 

1 

3.00 

al 

15 

13 

113 

lOB 

POSITIVE  CONTROL  ••• 

119 

165 

471 

463 

1 

**  TA9a  2-Miino*athr*c«oa  2.S  |<c/plat« 

TAIOO  2'aaUioanchracaiia  2.5  pg/plat* 


***  TAM  2'altreflueraiM  1.0  M/pIata 

TAIOO  lodluB  aalda  2.0  iic/placa 


*  Background  Lawn  Bvaluatlon 
1  •  nonaal 

t  •  aatraaalp  roducad 
ap  •  alight  praelpltato 


2  •  allgbtlj  taduead 
5  •  ahaaat 

ap  •  aodarata  praolrltata 
(roqulraa  baru  count) 


)  ■  aodaratalp  raducad 
6  -  ebacurad  bjr  praclpitata 
bp  •  haaap  praclpitata 

(raqulraa  hand  eoiat) 


K  •  Mo  count  dua  to  procadural  arrer,  plataa  did  not  cacalaa  an  aliquot  of  taatar  attain. 
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SUMMARY  OF  TEST  RESULTS 


TEST  ARTICLE  ID:  Carbon  Treated  Water 
EXPERIMENT  ID:  14546 -B1 
DATE  PLATED:  02 -Nay- 91 


VEHICLE:  Sterile  deionized  water 
DATE  COUNTED;  09 -May- 91 


HEAM  tmstajrrt  rn  nan 

uiTB  sTanaaD  DmaTioe 


tMSE/PLATt  TA*$ _ TAIOO 


HEAR 

S.D. 

lOAR 

s.o 

KICaOSCMES:  Rat  Liver 
NECATIVB  CONTROL 

32 

• 

112 

7 

VEBICLZ  CONTROL 

26 

2 

131 

27 

TEST  ARTICLE 

0.100 

■1 

30 

9 

HC 

- 

0.200 

al 

34 

1 

HC 

- 

O.SOO 

al 

31 

• 

102 

12 

1.00 

al 

2d 

2 

111 

11 

2.00 

al 

34 

9 

119 

5 

3.00 

al 

2d 

2 

115 

» 

POSITIVE  CONTROL  •• 

104S 

122 

73d 

10 

MlCaOSOKES:  lloaa 


NEGATIVE  CONTROL 

21 

d 

dl 

VEHICLE  CONTRCH, 

13 

d 

M 

Id 

TEST  ARTICLE 

0.100 

ol 

14 

2 

91 

0.200 

al 

23 

0 

110 

0.300 

al 

Id 

1 

111 

1.00 

al 

Id 

2 

119 

14 

2.00 

al 

19 

2 

91 

3.00 

al 

14 

1 

111 

POSITIVE  CONTROL  ••• 

142 

33 

4d7 

d 

■acxciooia) 

LAW* 


1 

1 

1 

1 

1 

1 

1 

1 

1 


1 

1 

I 

I 

I 

I 

1 

1 

1 


**  TAPS  2-Miiao«nthrac«aa  2.S 

TAIOO  2-aalno*nthrse€<ia  2.S 


***  TAM  2-nltro£luer«a«  1.0  |iA/plat« 

TAIOO  toAlua  ulda  2.0  iic/plsta 


•  Backprouid  Lava  Ivaluatlaa 
1  •  oeiaal 

4  V  aatroaalp  raAucad 
ap  >  allaht  praolpltata 


2  •  allphtlp  taducad 

S  •  abaant 

■p  •  aodaraca  praclpltata 
(ra^lraa  hood  count) 


1  •  ondaratalp  cadueod 
•  •  ebaeurod  bp  praclpltata 
hp  •  haavp  praclpltata 

(raqulraa  haad  ooiaic) 


■C  •  Ro  count  dua  to  procedural  error,  platea  did  not  receive  an  aliquot  of  taatar  atraln. 
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SUMMARY 

A.  IntnrfiKttei 

At  the  request  of  Johns  Hopkins  University,  Hazleton  Washington, 
Inc.  examined  an  extract  of  the  water  sample.  Carbon  Treated  Water,  for 
mutagenic  activity  in  the  Salmonella/Mammalian-Microsome  Reverse  Mutation 
Assay  (Ames  Test)  Modified  for  XAD-2  Resin  Extracts.  This  assay  evaluates  the 
test  article  and/or  its  metabolites  for  their  ability  to  induce  reverse 
mutations  at  the  histidine  locus  in  the  genome  of  specific  Salmonella 
tvphimurium  tester  strains  both  in  the  presence  and  absence  of  an  exogenous 
metabolic  activation  system  of  mammalian  microsomal  enzymes  derived  from 
Aroclor™- Induced  rat  liver. 

The  tester  strains  used  in  this  study  were  TA98  and  TAlGO.  The  assay  was 
conducted  using  two  plates  per  dose  level  in  the  presence  and  absence  of 
microsomal  enzymes.  Six  dose  levels  of  the  test  article  were  tested,  from  100 
to  2.49  /ig  per  plate  in  both  the  presence  and  absence  of  S9.  Vehicle  controls 
(three  plates  per  dose),  negative  controls,  resin  controls  and  positive 
controls  were  plated  as  part  of  the  assay. 

The  doses  tested  in  the  mutagenicity  assay  were  selected  based  on  the  amount 
of  extractable  organics  recovered  from  the  test  article. 


B.  £lMKtog|gM 

The  results  of  the  Salmonella/Mammalian-Microsome  Reverse  Mutation 
Assay  (Ames  Test)  Modified  for  XAO-2  Resin  Extracts  indicate  that  under  the 
conditions  of  this  study,  an  extract  of  Johns  Hopkins  University's  test 
article.  Carbon  Treated  Water,  did  not  cause  a  positive  increase  in  the  number 
of  histidine  revertants  per  plate  with  tester  strain  TA98  or  TAlOO  either  in 
the  presence  or  absence  of  microsomal  enzymes  prepared  from  Aroclor™- Induced 
rat  liver. 
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STUDY  INFORMATION 

A.  Sponsor;  John*  Hopkins  Dnlvorslty 

B.  Test  Article:  C«rbon  Treated  Veter 

1.  Physical  Description,  Test  Article:  deer  colorless  liquid 

2.  Date  Received:  05/01/91 

3.  Physical  Description.  Extract:  pels  aaber  liquid 

C.  Type  of  Assay:  Salmonell^/Maanalian-Mtcrosome  Reverse  Mutation 

Assay  (Anes  Test)  Modified  for  XAD-2  Resin 

Extracts 

1.  Protocol  Number:  HWA  Protocol  401X,  Edition  17 

2.  HWA  Study  Number:  14S46-1-401X 

D.  Study  Dates 

1.  Study  Initiation  Date:  05/01/91 

2.  Experimental  Start:  05/15/91 

3.  Experimental  Termination:  05/20/91 

E.  Study  Personnel 

Study  Director:  Timothy  E.  Lavlor,  M.A. 

Laboratory  Supervisor:  Michael  S.  Mecchi,  B.S. 

Research  Assistant:  Ralph  S.  McCrea,  B.S. 

Technician:  Sow  Hoong  Hon,  B.S. 
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MATERIALS  AND  METHODS 

The  experimental  materials,  methods  and  procedures  are  based  on  those 
described  by  Ames  et  al  (1975). 

MATERIALS 

A.  Twtff  StraiM 

The  tester  strains  used  were  the  Salmonella  tvphimuriun  histidine 
auxotrophs  TA98  and  TAlOO  as  described  by  Ames  et  al  (1975).  The  specific 
genotypes  of  these  strains  are  shorn  in  Table  I. 


TABLE  1.  TESTER  STRAIN  GENOTYPES _ 

ailtjdlP*  Mutation _  Additional  Hutatlons 

hisG46  tlifiD3052  LPS  Repair  R  Factor 

TAlOO  TA98  uvrB  +R 


In  addition  to  a  mutation  in  the  histidine  operon,  the  tester  strains  contain 
two  additional  mutations  which  enhance  their  sensitivity  to  some  mutagenic 
compounds.  The  rfa  wall  mutation  results  in  the  loss  of  one  of  the  enzymes 
responsible  for  the  synthesis  of  part  of  the  lipopolysaccharide  barrier  that 
forms  the  surface  of  the  bacterial  cell  wall.  The  resulting  cell  wall 
deficiency  Increases  permeability  to  certain  classes  of  chemicals  such  as 
those  containing  large  ring  systems  (i.e.  benzo (a) pyrene)  that  would  otherwise 
be  excluded  by  a  normal  intact  cell  wall. 

The  second  mutation,  a  deletion  of  the  uvrB  gene,  results  in  a  deficient  DNA 
excision  repair  system  which  greatly  enhances  the  sensitivity  of  these  strains 
to  some  mutagens.  Since  the  yyxB  deletion  extends  through  the  bio  gene,  all 
of  the  tester  strains  containing  this  deletion  also  require  the  vitamin  biotin 
for  growth. 

Strains  TA98  and  TAlOO  also  contain  the  R>factor  plasmid,  pKMlOl,  which 
further  increases  the  sensitivity  of  these  strains  to  some  mutagens.  The 
mechanism  by  which  this  plasmid  increases  sensitivity  to  mutagens  has  been 
suggested  to  be  by  modifying  an  existing  bacterial  DNA  repair  polymerase 
complex  involved  with  the  mismatch -repair  process. 

Tester  strain  TA98  is  reverted  from  histidine  dependence  (auxotrophy)  to 
histidine  independence  (prototropy)  by  frameshift  mutagens.  Tester  strain 
TAlOO  is  reverted  by  mutagens  which  cause  both  frameshifts  and  base 
substitutions . 
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1.  Source  of  Tester  Strains 

The  tester  strains  In  use  at  HUA  were  received  directly  froa 
Dr.  Bruce  Ames,  Department  of  Biochemistry,  University  of  California, 

Berkeley. 

2.  Storage  of  the  Tester  Strains 

a.  Frozen  Permanent  Stocks 

Frozen  peraanent  stocks  were  prepared  by  growing  fresh 
overnight  cultures,  adding  DMSO  (0.09  al/al  of  culture)  and  freezing  small 
aliquots  (approximately  0.5  -  1.5  ml)  at  i-70*C. 

b.  Master  Plates 

Master  plates  were  prepared  by  streaking  each  tester 
strain  from  a  frozen  permanent  stock  onto  minimal  agar  appropriately 
supplemented  with  histidine  (260  /tM)  ,  biotin  (3  fM)  ,  and  for  strains 
containing  the  R-factor,  amplclllln  (25  /ig/ml).  Tester  strain  master  plates 
were  stored  at  5  ±  3*C. 

3.  Preparation  of  Overnight  Cultures 

a.  Inoculation 

Overnight  cultures  for  use  in  all  testing  procedures 
were  inoculated  by  transferring  a  colony  from  the  appropriate  master  plate  to 
a  flask  containing  culture  medium.  Inoculated  flasks  were  placed  In  a 
shaker/incubator  which  was  programmed  to  begin  operation  (shaking,  125  ±  25 
rpm;  Incubation,  37  ±  2*C)  so  that  the  overnight  cultures  were  In  log  phase  or 
late  log  phase  when  turbidity  monitoring  began. 

b.  Harvest 

To  ensure  that  cultures  were  harvested  in  late  log 
phase,  the  length  of  Incubation  was  determined  by  spectrophotometrlc 
monitoring  of  culture  turbidity.  Cultures  were  harvested  once  a  predetermined 
turbidity  was  reached  as  determined  by  a  percent  transmittance  (%T)  reading  on 
a  spectrophotometer.  This  target  turbidity  ensures  that  cultures  have  reached 
a  density  of  at  least  0.5  X  10*  cells  per  ml  and  that  the  cultures  have  not 
overgrown.  Overgrown  (stationary)  cultures  may  exhibit  decreased  sensitivity 
to  some  mutagens.  Cultures  were  removed  from  Incubation  when  the  target  %T 
was  reached  and  were  placed  at  5  i  3*C. 

4.  Confirmation  of  Tester  Strain  Genotypes 

Tester  strain  cultures  were  checked  for  the  following 
genetic  markers  on  the  day  of  their  use  In  the  mutagenicity  assay: 
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a.  rfa  Wall  Mutation 

The  presence  of  the  rfa  wall  mutation  was  confirmed  by 
demonstration  of  the  cultures  sensitivity  to  crystal  violet.  An  aliquot  of  an 
overnight  culture  of  each  strain  was  overlaid  onto  plates  containing  selective 
media  and  an  antibiotic  sensitivity  disk  containing  10  lig  of  crystal  violet 
was  added.  Sensitivity  was  demonstrated  by  Inhibition  of  bacterial  growth  in 
a  zone  Immediately  surrounding  the  disk. 

b.  pKMlOl  Plasmid  R- factor 

The  presence  of  the  pXMlOl  plasmid  was  confirmed  for 
tester  strains  TA98  and  TAIOO  by  demonstration  of  resistance  to  ampiclllln. 

An  aliquot  of  an  overnight  culture  of  each  strain  was  overlaid  onto  plates 
containing  selective  media  and  an  antibiotic  sensitivity  disk  containing  10  ng 
of  ampiclllln  was  added.  Resistance  was  demonstrated  by  bacterial  growth  In 
the  zone  Immediately  surrounding  the  disk. 

c.  Characteristic  Number  of  Spontaneous  Revertants 

The  mean  number  of  spontaneous  revertants  per  plate  In 
the  vehicle  controls  that  are  characteristic  of  the  respective  strains  were 
demonstrated  by  plating  100  mT  aliquots  of  the  culture  along  with  the 
appropriate  vehicle  on  selective  media. 

5.  Tester  Strain  Media 

a.  Culturing  Broth 

The  broth  used  to  grow  overnight  cultures  of  the 
tester  strains  was  Vogel-Bonner  salt  solution  supplemented  with  2.5%  (w/v) 
Oxold  Nutrient  Broth  No.  2  (dry  powder). 

b.  Agar  Plates 

Bottom  agar  (25  ml  per  15  x  100  mm  petri  dish)  was 
Vogel-Bonner  minimal  medium  E  (Vogel  and  Bonner,  1956),  supplemented  with  1.5% 
(V/V)  agar  and  0.2%  (V/V)  glucose. 

c.  Overlay  Agar  for  Selection  of  Histidine  Revertants 

Overlay  (top)  agar  was  prepared  with  0.7%  agar  (V/V) 
and  0.5%  NaCl  (V/V)  and  was  supplemented  with  10  ml  of  0.5  mM  histidine/biotin 
solution  per  100  ml  agar.  Vhen  S9  mix  is  required,  2.0  ml  of  the  supplemented 
top  agar  is  used  in  the  overlay.  However,  when  S9  is  not  required,  water  is 
added  to  the  supplemented  top  agar  (0.5  ml  of  water  per  2  ml  of  supplemented 
top  agar)  and  the  resulting  2.5  ml  of  diluted  supplemented  top  agar  is  used 
for  the  overlay.  This  dilution  ensures  that  the  final  top  agar  and  amino  acid 
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supplement  concentrations  remain  the  same  both  in  the  presence  and  absence  of 
S9. 


B.  Liver  Mkroaomal  Enzyme  Reactioa  Mlxtnre 

1.  S9  Homogenate 

Liver  microsomal  enzymes  (S9  homogenate)  were  purchased  from 
Molecular  Toxicology,  Inc.,  Annapolis,  MD  20401,  Batch  0327  (37.8  mg  of 
protein  per  ml).  The  homogenate  was  prepared  from  male  Sprague -Davley  rats 
that  had  been  injected  (l.p.)  with  Aroclor*  1254  (200  mg  per  ml  in  com  oil) 
at  500  mg/kg  as  described  by  Ames  et  al,  1975. 

2.  §9  HIb 

The  S9  mix  was  prepared  immediately  prior  to  its  use  in  any 
experimental  procedure.  The  S9  mix  contained  the  components  indicated  in 
Table  2. 


TABLE  2.  S9  MU  COMPONEMTS 


HjO 

0.70  ml 

IM  NaHjPO^/NajHPO* ,  pH  7.4 

0.10  ml 

0.25M  Glucose-6 -phosphate 

0.02  ml 

O.IOM  NADP 

0.04  ml 

0.825M  KC1/0.2M  MgClj 

0.04  ml 

S9  Homogenate 

JBl 

1.00  ml 

C  Cootrob 

1.  Vehicle  Controls 

Dimethylsulfoxide  (DMSO,  CAS#  67-68-5,  Sigma  Chemical  Co., 
Lot  30H0608,  994-%)  vehicle  controls  were  plated  for  both  tester  strains  in  the 
presence  and  absence  of  S9.  The  vehicle  control  was  plated,  using  a  50  ftl 
aliquot  of  DMSO  (equal  to  the  maximum  aliquot  of  test  article  dilution 
plated) ,  along  with  a  100  aliquot  of  the  appropriate  tester  strain  and  a 
500  pi  aliquot  of  S9  (when  necessary),  on  selective  agar. 

2.  Negative  Controls 

Negative  controls  were  plated  for  both  tester  strains  in  the 
presence  and  absence  of  S9.  The  negative  controls  consisted  of  a  100  pi 
aliquot  of  the  appropriate  tester  strain  and  S9  (when  appropriate)  plated  on 
selective  agar. 
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3.  Resin  Controls 

Resin  controls  were  plated  for  both  tester  strains  in  the 
presence  and  absence  of  S9.  A  sample  of  deionized  water  was  extracted  and 
concentrated  using  the  same  XAD>2  resin  adsorption  procedure  used  for  the  test 
article.  The  resin  control  was  tested  at  a  single  concentration.  The  resin 
controls  consisted  of  a  50  /il  aliquot  of  the  resin  control  extract,  a  100  /il 
aliquot  of  tester  strain  and  an  aliquot  of  S9  (when  appropriate)  plated  on 
selective  agar. 

4.  Positive  Controls 

The  combinations  of  positive  controls,  activation  condition 
and  tester  strains  plated  concurrently  with  the  assay  are  Indicated  in 
Table  3. 


TABLE 

3.  POSITIVE  CONTROLS 

Tester 

S9  ttlX 

Positive  Control 

Cone . 
P9X  PUtg 

TA98 

+ 

2 -aminoanthracene 

2.5  /ig 

TA98 

- 

2 -nitrof luorene 

1.0  Mg 

TAIOO 

+ 

2  - aminoanthracene 

2.5  me 

TAIOO 

• 

sodium  azide 

2.0  Mg 

a.  Source  and  Grade  of  Positive  Control  Articles 

2 • aminoanthracene  (CAS  #613>13-8),  Sigma  Chemical  Co., 
practical  grade;  2-nlcrofluorene  (CAS  #607-57-8),  Aldrich  Chemical  Co.,  98%; 
sodium  azide  (CAS  #26628-22-8),  Sigma  Chemical  Co.,  practical  grade. 

5.  Slsrllity  Cansiala 

a.  S9  Mix 

The  S9  mix  was  checked  for  sterility  by  plating  0.5  ml 

on  selective  agar. 

METHODS 

A.  Mutageakity  Agag 

1.  Design 

The  assay  was  performed  using  tester  strains  TA98  and  TAIOO 
both  In  the  presence  and  absence  of  S9  mix.  Six  dose  levels  of  the  test 
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article  extract  were  tested  along  with  the  appropriate  vehicle,  negative, 
resin  and  positive  controls.  The  dose  levels  tested  were  selected  based  on 
the  anount  of  extractable  organics  recovered  in  the  extraction  procedure. 

2.  Frequency  and  Route  of  Adainistration 

The  tester  strains  were  exposed  to  the  test  article  via  the 
plate  incorporation  aethodology  originally  described  by  Aaes  et  al  (1975)  and 
Maron  and  Aaes  (1983).  This  aethodology  has  been  shown  to  detect  a  wide  range 
of  classes  of  cheaical  autagens.  In  the  plate  incorporation  aethodology,  the 
test  article,  the  tester  strain  and  Che  S9  aix  (where  appropriate)  are 
coabined  in  aolten  agar  which  is  overlaid  onto  a  ainiaal  agar  plate. 

Following  incubation  at  37  ±  2*C  for  48  ±  8  hr,  revertant  colonies  will  be 
counted.  All  dose  levels  of  test  article,  negative  controls,  resin  controls 
and  positive  controls  were  plated  in  duplicate,  and  the  vehicle  controls  were 
plated  in  triplicate. 

B.  Plating  PrP«<>lHM 

Each  plate  was  labeled  with  a  code  which  identified  the  test 
article,  test  phase,  tester  strain,  activation  condition  and  dose  level.  The 
S9  aix  and  dilutions  of  the  test  article  were  prepared  imnedlately  prior  to 
their  use. 


When  S9  mix  was  not  required,  100  /<1  of  tester  strain  and  50  /il  of  vehicle  or 
test  article  dose  was  added  to  2.5  ml  of  nolten  selective  top  agar  (maintained 
at  45  ±  2*C).  When  S9  mix  was  required,  500  nl  of  S9  aix,  100  pi  of  tester 
strain  and  50  pi  of  vehicle  or  test  article  dose  was  added  to  2.0  al  of  aolten 
selective  top  agar.  After  the  required  components  had  been  added,  the  mixture 
was  vortexed  and  overlaid  onto  the  surface  of  25  al  of  minimal  bottom  agar 
contained  in  a  15  x  100  am  petri  dish.  After  the  overlay  had  solidified,  the 
plates  were  Inverted  and  incubated  for  48  ±  8  hr  at  37  ±  2 *0.  Positive 
controls  and  the  resin  control  were  plated  using  a  50  pi  plating  aliquot. 


c 


Plates  which  were  not  evaluated  immediately  following  the 
Incubation  period  were  held  at  5  ±  3*C  until  such  time  that  colony  counting 
and  bacterial  background  lawn  evaluation  could  take  place. 

1.  Bacterial  Backaround  Lawn  Evaluation 

The  condition  of  the  bacterial  background  lawn  was  evaluated 
for  evidence  of  cytotoxicity  and  test  article  precipitate.  Evidence  of 
cytotoxicity  was  scored  relative  to  the  vehicle  control  plate  and  was  recorded 
along  with  the  revertant  counts  for  all  plates  at  that  dose  level  on  the  data 
tables  using  the  code  system  presented  at  the  end  of  the  Materials  and  Methods 
Section. 
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2.  Counting.  Revertant  Coloniga 

The  nuBber  of  revertant  colonies  per  plate  for  the  vehicle 
controls  and  all  plates  containing  test  article  were  counted  manually.  The 
number  of  revertant  colonies  per  plate  for  the  positive  controls  were  counted 
by  automated  colony  counter. 

D.  APilysiia  of  Pata 

For  all  replicate  platings,  the  mean  revertants  per  plate  and  the 
standard  deviation  were  calculated.  The  results  of  these  calculations  are 
presented  In  tabular  form  In  the  Data  Tables  Section  of  this  report. 

EVALUATION  OF  TEST  RESULTS 

Before  assay  data  can  be  evaluated,  the  criteria  for  a  valid  assay  must 
be  met. 

A.  Criteria  For  A  Valid  Assay 

The  following  criteria  are  used  to  determine  a  valid  assay: 

1.  Tester  Strain  Intearitv 
«•  rfa  Vail  Mutation 

To  demonstrate  the  presence  of  the  rfa  wall  mutation, 
tester  strain  cultures  must  exhibit  sensitivity  to  crystal  violet. 

b.  pKMlOl  Plasmid 

To  demonstrate  the  presence  of  the  R- factor  plasmid, 
pKMlOl,  cultures  of  tester  strains  TA98  and  TAIOO  must  exhibit  resistance  to 
amplclllln. 


c.  Characteristic  Number  of  Spontaneous  Revertants 

To  demonstrate  the  requirement  for  histidine,  the 
tester  strain  cultures  must  exhibit  a  characteristic  number  of  spontaneous 
revertants  per  plate  when  plated  along  with  the  vehicle  under  selective 
conditions.  The  acceptable  ranges  for  the  vehicle  controls  are  as  follows: 

TA98  8  •  60 

TAIOO  60  -  2A0 
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d.  Tester  Strain  Culture  Density 

To  demonstrate  that  appropriate  numbers  of  bacteria 
are  plated,  the  density  of  tester  strain  cultures  must  be  greater  than  or 
equal  to  0.5  x  10’  bacteria  per  ml  and/or  have  reached  a  target  level  of 
turbidity  demonstrated  to  produce  cultures  with  a  density  greater  than  or 
equal  to  0.5  x  10’  bacteria  per  ml. 

e.  Positive  Control  Values 

(1)  Positive  Control  Values  In  the  Absence  of  S9  Mix 

To  demonstrate  that  the  tester  strains  are 
capable  of  Identifying  a  mutagen,  the  mean  value  of  a  positive  control  for  a 
respective  tester  strain  must  exhibit  at  least  a  3- fold  increase  over  Che  mean 
value  of  the  vehicle  control  for  that  strain. 

(2)  Positive  Control  Values  In  the  Presence  of  S9  Mix 

(S9  Mix  Integrity) 

To  demonstrate  that  the  S9  mix  Is  capable  of 
metabolizing  a  promutagen  to  Its  mutagenic  form(s),  the  mean  value  of  Che 
positive  control  for  a  respective  tester  strain  In  the  presence  of  the  S9  mix 
must  exhibit  at  least  a  3- fold  Increase  over  the  mean  value  of  the  vehicle 
control  for  that  strain. 

An  acceptable  positive  control  In  the  presence  of  S9  for  a  specific  strain 
will  be  evaluated  as  having  demonstrated  both  the  Integrity  of  Che  S9  mix  and 
the  ability  of  the  tester  strain  to  detect  a  mutagen. 

2.  Cytotoxicity 

A  minimum  of  three  non-toxic  dose  levels  will  be  required  to 
evaluate  assay  data. 

B.  .Criterii  Fw  A  PfrgitiTe  IteBggae 

Once  the  criteria  for  a  valid  assay  have  been  met,  responses 
observed  In  the  assay  are  evaluated  as  follows: 

1.  Tester  Strains  TA98  and  TAIOO 

For  a  test  article  to  be  considered  positive,  It  must 
produce  at  least  a  2 -fold  Increase  In  the  mean  revertants  per  plate  of  at 
least  one  of  these  tester  strains  over  the  mean  revertants  per  plate  of  the 
appropriate  vehicle  control.  This  Increase  In  the  mean  number  of  revertants 
per  plate  must  be  accompanied  by  a  dose  response  to  Increasing  concentrations 
of  the  test  article. 


14546.1-401X 


17 


A6-17 


0  HAZLETON 

WASHINGTON 


RECORDS  TO  BE  MAINTAINED 

All  raw  data,  reports,  protocols  and  modifications  will  be  maintained  by 
the  Department  of  Molecular  and  Cellular  Toxicology  of  HWA  for  a  period  of  up 
to  two  years  following  submission  of  the  final  report  to  the  Sponsor.  After 
two  years,  all  raw  data  and  reports  will  be  transferred  to  the  HVA  archives 
for  permanent  storage. 
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BACTERIAL  BACKGROUND  LAWN  EVALUATION  CODE 

The  condition  of  the  background  bacterial  lawn  Is  evaluated  both 
macroscoplcally  and  microscopically  (using  a  dissecting  microscope)  for 
Indications  of  cytotoxicity  and  test  article  precipitate  as  follows: 


CODE 

DEFINITION 

CHARACTERISTICS  OF  BACKGROUND  UWN 

1 

Normal 

A  healthy  microcolony  lawn. 

2 

Slightly 

Reduced 

A  noticeable  thinning  of  the  microcolony  lawn  and  an 
Increase  In  the  size  of  the  microcolonies  compared  to 
the  vehicle  control  plate . 

3 

Moderately 

Reduced 

A  marked  thinning  of  the  microcolony  lawn  and  an 
increase  In  the  size  of  the  microcolonies  compared  to 
the  vehicle  control  plate. 

4 

Extremely 

Reduced 

An  extreme  thinning  of  the  microcolony  lawn  and  an 
Increase  In  the  size  of  the  mlcrocolonles  compared  to 
the  vehicle  control  plate. 

5 

Absent 

A  complete  lack  of  any  microcolony  lawn. 

6 

Obscured  by 
Precipitate 

The  background  bacterial  lawn  cannot  be  accurately 
evaluated  due  to  microscopic  and/or  macroscopic  test 
article  precipitate. 

Evidence  of  macroscopic  test  article  precipitate  on  the  plates  Is  recorded  by 
addition  of  the  following  precipitate  code  to  the  code  number  used  to  evaluate 
the  condition  of  the  background  bacterial  lawn. 


SP  Slight 

Precipitate 


Noticeable  macroscopic  precipitate  on  the  plate, 
however,  the  precipitate  does  not  influence  automated 
counting  of  the  plate. 


MP  Moderate 
Precipitate 


The  amount  of  macroscopic  precipitate  on  the  plate 
would  Interfere  with  automated  counting,  thus, 
requiring  the  plate  to  be  hand  counted. 


HP  Heavy 

Precipitate 


The  large  amount  of  macroscopic  precipitate  on  the 
plate  makes  the  required  hand  counting  difficult. 


Example:  4-MP  would  Indicate  a  plate  observed  to  have  an  extremely  reduced 
background  lawn  which  had  to  be  counted  manually  due  to  the  marked  amount  of 
macroscopic  test  article  precipitate. 
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SECTION  R.  RESULTS  AND  CONCLUSIONS 
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RESULTS 

A.  T«t  Artkk  Handilm 

The  water  sample,  Carbon  Treated  Water,  was  held  at  5  +  3*C  until 
extracted  and  concentrated  by  the  XAD-2  resin  adsorption  as  described  in  the 
•Environmental  Water  Sample  Processing  Protocol  No.  12,  October,  1989. ■ 

The  test  article  (36  liters)  was  passed  through  XAD-2  resin  and  solvent 
exchanged  to  dlmethylsulfoxide  (DMSO)  using  the  procedure  described  below. 
Deionized  water  (48  liters)  was  also  processed  In  the  same  manner  as  an 
Internal  control  for  the  extraction  procedure  (resin  control), 

A  chromatographic  column  (22  mm  I.D.)  was  slurry-packed  with  IS  g  of  XAD-2 
resin  and  washed  with  acetone  (CAS#  67-64-1,  Fisher  Scientific,  Lot  900324) 
and  water.  All  extraction  procedures  were  performed  at  5  ±  3*C.  The  test 
article  was  passed  through  the  XAD-2  column  using  gravity  flow  at  a  rate  of  60 
to  80  drops/mln.  Material  adsorbed  to  the  column  was  eluted  with  acetone  and 
methylene  chloride  (CAS#  75-09-2,  Fisher  Scientific,  Lot  890625).  The  eluate 
was  reduced  In  volume  using  a  rotary  evaporator.  Duplicate  aliquots  of  the 
concentrate  were  transferred  to  tared  aluminum  weighing  dishes,  the  solvent 
allowed  to  evaporate  off,  and  the  amount  of  material  extracted  from  the  water 
samples  determined  gravlmetrlcally .  The  remainder  of  the  extract  was  solvent 
exchanged  Into  0.5  ml  dlmethylsulfoxide  (DMSO,  CAS#  67-68-5,  Sigma  Cheml-;#! 
Co.,  Lot  30H0608,  99+»). 

Extractable  Organics 

Sample  Volume 


Carbon  Treated  Water  36  Liters 


Resin  Control  (deionized  water)  48  Liters 

B.  PMcSdwtka 

since  the  amount  of  the  sample  available  for  the  assay  was 
limited,  no  dose  rangefinding  study  was  performed  on  this  sample.  Routinely, 
between  50  to  75%  of  the  available  extract  will  be  used  in  the  initial 
mutagenicity  assay,  with  the  remaining  extract  reserved  for  possible  retesting 
and  confirmation  studies.  The  total  amount  of  extractives  obtained  after 
processing  36  liters  of  the  sample  through  XAD-2  resin  was  2.7  mg  in  a  volume 
of  0.5  ml  DMSO.  The  deionized  water  (48  liters)  passed  through  XAD-2  resin 
had  a  total  extractives  of  0.0  mg  In  a  volume  of  0.5  ml  DMSO.  The  amount  of 
the  extractives  obtained  from  the  deionized  water  control  was  deducted  from 
the  total  extractives  of  the  test  sample  (2.7  mg  -  0.0  mg  -  2.7  mg)  to 
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calculate  the  doses  used  In  the  mutagenicity  assay.  Based  on  the  amount  of 
available  extractives,  the  test  sample  extract  was  assayed  at  six  doses,  100, 
50.0,  24.9,  10.0,  5.00  and  2.49  pg  of  extractives  per  plate  using  two  plates 
per  dose  level. 

C  Mptageokity  Aasay 

The  dose  levels  selected  for  the  mutagenicity  assay  ranged  from 
100  to  2.49  fig  per  plate  In  both  the  presence  and  absence  of  S9. 

The  mutagenicity  assay  results  for  Carbon  Treated  Water  are  presented  In 
Tables  1  and  2.  These  data  were  generated  In  Experiment  14546 -Bl.  The  data 
are  presented  as  mean  revertants  per  plate  +  standard  deviation  for  each 
treatment  and  control  group  (Table  2)  and  as  Individual  plate  counts  (Table 
1). 

In  Experiment  14546-Bl  (Tables  1  and  2),  all  data  were  acceptable  and  no 
positive  increases  In  the  number  of  histidine  revertants  per  plate  were 
observed  with  tester  strains  TA98  or  TAlOO  In  either  the  presence  or  absence 
of  S9. 

All  criteria  for  a  valid  study  were  met. 

CONCLUSIONS 

The  results  of  the  Salmonella /Mammal lan-Mlcrosome  Reverse  Mutation  Assay 
(Ames  Test)  Modified  for  XAD-2  Resin  Extracts  Indicate  that  under  the 
conditions  of  this  study,  an  extract  of  Johns  Hopkins  University's  test 
article,  Carbon  Treated  Water,  did  not  cause  a  positive  increase  In  the  number 
of  histidine  revertants  per  plate  with  tester  strains  TA98  and  TAlOO  either  In 
the  presence  or  absence  of  microsomal  enzymes  prepared  from  Aroclor™*  Induced 
rat  liver. 
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SECTION  V.  DATA  TABLES 
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TABLE  1 


INDIVIDUAL  PIATE  COUNTS 


TEST  ARTICLE  ID; 
EXPERIMENT  ID: 
DATE  PLATED: 
DATE  COUNTED; 


Carbon  Treated  Water 
145A6-B1 
15-May-91 
20-May-91 


VEHICLE;  DMSO 
PITTING  ALIQUOT:  50  /il 


DOSE/F-ATE 

UVEETAarS 

TA9e _ 

PEE 

PUITE 

TAIOO 

EACECEOUBD 

LAUa* 

1 

2 

1 

1 

2  1 

MlOtOSOMES:  Kat  Llvar 

usia  coHTaoL 

27 

17 

176 

113 

1 

BECATm  CONTBOL 

19 

34 

104 

113 

1 

vBHicLa  cxxrntoL 

39 

23 

31 

at 

02  110 

1 

TEST  ABTICLE 

2.49 

Mg 

46 

20 

116 

113 

1 

3.00 

Mg 

41 

44 

111 

129 

1 

10.0 

Mg 

41 

16 

127 

111 

1 

24.9 

Mg 

42 

4a 

14a 

109 

1 

30.0 

Mg 

32 

19 

121 

111 

1 

100 

Mg 

17 

47 

114 

162 

1 

POSlTm  COHTSDL 

*« 

1016 

1016 

1193 

1219 

1 

KKatOSOHSS;  Bona 
BESIB  CONTEOL 

13 

10 

90 

93 

1 

BECATrTE  (XBITEOL 

21 

10 

103 

00 

1 

'TtBlCLl  COirTEOL 

11 

19  21 

06 

73  101 

1 

TEST  ARTICLE 

2.49 

14 

16 

79 

93 

1 

3.00 

MC 

2a 

20 

00 

91 

1 

10.0 

MC 

16 

26 

90 

100 

1 

24.9 

M 

24 

29 

114 

97 

1 

30.0 

M 

20 

11 

103 

00 

1 

100 

20 

26 

07 

111 

1 

POfITm  COBTBOL 

••• 

112 

113 

130 

113 

1 

**  TAM  2-aalno«othrae«oa  2.3  At/plat* 

TAIOO  2-aaliioantlirae«oa  2.3  M(/placa 


***  TAM  2-oltrofluorana  1.0 

TAIOO  aoAlta  aslda  2.0  (t(/plata 


•  Baekcrouad  Lavn  Braluatlon  CoAaa: 

1  •  ooraal  2  • 

t  •  astraaalp  radueaA  3  • 

ap  •  alight  praelpltata  ap  • 


allgbtlp  raducaA 

abaaat 

■odarata  praelpltata 
(raqulraa  hand  ca«mt) 


3  •  aodaratalp  raduead 
<  •  obaeurad  by  praelpltata 
fap  -  heavy  praelpltata 

(raqulraa  hand  eount) 
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SUMMARY  OF  TEST  RESULTS 


TEST  ARTICLE  ID:  Carbon  Treated  Water 
EXPERIMENT  ID:  1A5A6-B1 
DATE  PLATED;  15 -May -91 
DATE  COUNTED;  20 -May- 91 


VEHICLE;  DMSO 
PLATING  ALIQUOT:  50  pi 


MEAi  uvniAirrs  pd  plati  iaczciook) 

WITH  STAilDAU)  DEVIATIOI  LAW* 

t)OSE/PLAT8  TAM _ TAIOO _ _ 

K£A>  S.O.  MEAN  S.D. 


KICBOSCKES:  KAt  Llvar 


usii  (xtmtOL 

32 

7 

136 

23 

1 

iraCATIVE  COHTROL 

47 

11 

110 

6 

1 

VEBKXZ  OOHTROL 

3> 

13 

33 

13 

1 

TEST  AETICLE 

2.43  M. 

37 

13 

126 

13 

1 

3.00  itt 

43 

2 

121 

11 

1 

10.0  Mt 

33 

4 

130 

4 

1 

24.3 

43 

4 

123 

26 

1 

30  0  pg 

46 

3 

127 

6 

1 

100  pg 

42 

7 

136 

34 

1 

POSITIVE  COHTEOL  ** 

1026 

14 

1217 

31 

1 

MICBOSOMKS:  Kona 


USI6  (XNnilOL 

13 

4 

97 

2 

1 

WECATIVE  (XWTEOL 

16 

6 

37 

12 

TEBKXE  OONTKOL 

16 

3 

M 

14 

1 

TEST  AtTICLE 

2.49  pg 

13 

1 

67 

11 

1 

3.00  pg 

26 

0 

91 

4 

1 

10.0  pg 

21 

7 

33 

1 

1 

24.3  pg 

27 

4 

106 

12 

1 

30.0  pg 

27 

3 

36 

11 

1 

100  pg 

27 

1 

33 

17 

1 

POSITIVE  <X)KTEOL 

114 

2 

342 

12 

1 

**  TAM  2-WBlnoAnthrac«n«  2-i  Mt/plat* 

TAIOO  2-aalnoAnthraeana  2.3  nc/plata 


TAM 

TAIOO 


2-nltrofluor«M 
tedluB  asld« 


1.0  Mc/plat* 

2.0  p(/plat« 


*  Backarouod  Lawn  traluatlon 
1  •  oomal 

4  •  ajrtraaalf  raduead 
ap  •  alight  praclpltata 


Codaa: 

2  •  allghtlp  raduead 

3  •  ahaaat 

ap  •  e»darata  praclpltata 
(raqulraa  hand  count) 


3  >  aodarataly  raduead 
C  •  obacurad  bp  praclpltata 
hp  •  haawp  praclpltata 

(raqulraa  hand  count) 
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